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I.

INTROIDCTION; TRAUMA, ETIOLOGY OF CARCINOMA.
The r ole of a single trauma in the production of

disease is varied and frequently diff ic ult to evaluate.
With few exceptions, there is no one exclusive ca use of
a dis ease.

Several factors, in varying combinati ons

usually constitute the conditi ons under which a d isease
devel ops.

One � the factors may be c onstant-e. g.,

the spec ific organism in an infectious process.

But

this co nstant, specific factor, acting a lone, does not
always pr oduce its disease.
pa. red to

JI)

The tissues must be pre-

rm1 t the development and growth of the invad

ing organism.

A transi ent bacteremia often o ccurs with

out 111 effects; only when the bacteria ci rculating in
the blo od light on devitalized or weakened tissue do they
multiply am produce theinfectious disease.

1'he seeond

acy inconstant factor -- the lessened resistance of the
tissues -- may be as important as i s the bacterium it
self.

The role of trauma in the eti ology of disease is

similar t o that of any other sec ondary, inconstant, non
spec1 f'ic factor.
Brahdy (1) has expressed the relati onship of the
doctor to this problem of trauma and disease in an ac
curate and impressive manner in the following paragraph.
"In view of the many factors which enter into the
determinati on of the casual relations hip between injury
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and disease, no one should express an opinion without
careful deliberation.

The opinion rendered cannot al-

ways be a categorical one.

If the evidence enables

the physician to conclude that the injury probably did
or probably did not produce, precipitate or accelerate
the disease, he should not hesitate to express his
opinion.

It is not necessary to equivocate, even

though medicine is not an exact science.

After study

of a case, a physician should state his conclusions,
disregarding their effect on patient, lawyers and tribunal.

It is not his function to consider the social

or economic consequences -- that is a matter of law and
social policy.

His sole province is to consider tne re-

lationship of the pathology of the trauma to the pathology of the disease. rr
The interest in cancer during the past few years
I

has become widespread not only among the medical profession, because of the greatly increasingnumbers of recorded examples of the disease, but also a ru ong the
laity.

The frequency of the disease has seized on the

popular imagination and is known to every layman.

Under

these circumstances, I believe it is essential that some
of the general relationships thought to exist between
trauma and neoplasms should be briefly discussed in this
article.

Neoplasms are more common in the gastrointestinal
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tract than in any other pirt of the body .

In fact, it

has been estimated that 38 ,000 persons die annually in
the United States from carcinoma of the stomach alone,
according to Balfour (2).

Our knowledge of the neo-

plasms has grown rapidly in the past rew years.

The

experimental study of cancer has made great strides.
There are now known to be a large number of chemical
compounds which will produce cancer in man anct animals.
But, even in animals, the period during which these
compounds must act is long, and is related to the life
span of the animal, for example a year in the rabbit.
From the experimental evidence, it is obvious that the
opinion that cancer of some types can be produced in a
human being within a few weeks or months after an injury
must be rejected.

The injury, it is now believed,

merely calls attention to a pre-existing cancer.

Since

so many injuries occur, and since so many individuals
have a developing or a recognizable cancer, the likelihood of coincidental injury in cancer patients is great.
Assuming that every tumor that arises after trauma
is of traumatic origin, one still finds the incidence of
traumatic tumors extremely low.

In the records of the

New York State Industrial Compensation Bureau, Lewy (3)
found that 37 malignant tumors had occurred among 26 , 389
injured persons.

In few of these cases could the claim
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of a traumatic origin be established as reasonable.
This incidence is about the normal incidence of tumors
among the general population.

Some

1'1 rench

rnedicolegal

experts reported the occurrance of as few as 5 or 6
traumatic tumors among 100,000 injuries.

Many authors

have remarked on the very small number of traumatic
tumors observed during the Great War.

From these data,

Ewing (4) concludes that trauma itself has generally
very little tendency to produce a malignant reaction in
tissues and that when it does so, the conditions must
be peculiar.

Of 100,000 cases of injury examined for

the New Jersey Workmen ts Compensation Hureau by Kessler,
( 5) there were only 51 in which an etiological relation

was claimed; and in only 27 was this substantiated in
so far as could be determined with reasonable accuracy.
This incidence is even less than that among the general
population and may confirm the belief of many that cancer is of less frequent occurrance in workers in industry
than in those not so engaged.
That trauma may be an etiological factor in the
causation of cancer is not to be denied but that type
of tra'l.IDla has been defined by Ewing as a constant or
repeated irritation.

Such well-lmown authorities as

Virchow (6), Cohnheim (7), Ewing (8), and Billroth (9)
hold that the effect of a blunt force or of an open
wound may be hemorrhage into the t1s sues, a molecular
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disturbance of the individual cells, and secondary
changes in the tissues, but never a new growth.
Ewing proposes certain postulates which must be
carefully considered in determining the relationship
of trauma to malignancy:
1.

The authenticity and sufficient severity of

the trauma.
2.

Previous integrity of the wounded part.

3.

The identity of the injured area with that

giving origin to the tumor.
4.

'i'he tumor must be of a type that could con-

ceivably result from trauma.
5.

There must be proper time interval between

the receipt of the injury arrl the appearance of the
tumor.
March (10) subjected malignant tumors in mice to
various severe injuries and found retardation as often
as acceleration of growth.

When a large tumor was

traumatized, infection and sloughing sometimes followed,
with t h e earlier death of the animal; but with a - smaller
tumor retardation was more prominent than any sign of
acce le ration.
Ewing presents several conditions in which severe
trauma must be accepted as capable of accelerating
growth and hastening death:
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1.

When an encapsulated tumor suffers rupture of

the capsule, presru.re is relieved, and the tumor may
grow more rapidly for a time.

Whe t her the injury thereby

hastens the total course of the disease must be judged
by the general clinical picture.
2.

When trauma introduces infection, especially

in a superficial tumor, the course of the disease may
be hastened owing to more active proliferation of tumor
cells and probably, in sane cases, to metastases which
have been favored; but whether such results have actually
occurred must be determined by clinical judgment, by one
who is familiar with the natural course of the disease.
One not infrequently sees an increased number of mitoses
in cells surrounding pus foci in epidermoid carcinoma.
3.

In several thousand diagnositic punctures by

needle and trocar, he has not seen any evidence of increased local growth or metastasis.

Wood (66) performed

many biopsies on transplanted carcinomas of mice without
observing any increase in growth.
tage or

:p3.

On the other and curet-

rtial removal of a bone, sarcoma is very apt

to be followed by prompt recurrence and more rapid growth
and sometimes by a definite change in the structure of
the tumor; but insults on such a scale rarely occur by
accident.

Accordingly, Ewing concludes that unless a

tumor has received a severe crushing injury, there is
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n·o definite danger of increased growth of the metastases.
It is surprising how many metastatic tumors are referred by the patients to previous injuries.

Thos~occurs

often enough to suggest that injuries are in some way responsible for metstases.

It is well known that the

lowered resistance and obstructed circulation of traumatized tissue may gather bacteria from the blood stream
and lead to looal abscesses.

It is conceived by Ewing

(4) that the damaged capillaries in a traumatized area
may sift out vagrant tumor cells, which are able to grow
in the devitalized area as do bacteria; and thus that a
metastasis may develop which might not otherwise appear.
In order that any such event should occur, it is necessary that tumor cell emboli should frequently be present
in the circulation.

Such a condition exists .only on the

advanced stages of malignant tumors.

The chances are

overwhelming against a single or an occasional or a precocious embolus lodging in a traumatized focus.

The in-

fluence of a trauma is limited to a pi..rticular localization of tumor cells which would probably produce a metastatic tumor somewhere in the body.
The great rarity of authentic cases of traumatic
cancer, the uniform failure to nroduce th_e disease experimentally by simple trauma and the highly specific
nature of known cancerigenic agents have led patholo-
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gists to conclude that a single trauma is itself incapable of producing a malignant tumor and that it
must always act in combination with equally or more
important factors.

It is widely assumed that traumas

may hasten t he pro gress of various precancerous lesions,
such as chronic mastitis, keratoses and benign tumors.
The asstm1ption is possibly correct, but the fact that
trauma produced such a change in any given cases must
be established by clinical evidence; and the actuality
is extremely difficult to prove.

The natural tendency

of such lesions is tcmard cancer; a nd clinical observation sh ows that in the vast majority of cases of
'

injuries to tissues with precancerous lesions, the
·tissues heal as do normal tissues, while in come cases
t he injuries actually interfere wi th the further progress of t he lesions.

:rr.

TRAUMA AND DISEASE Oi<' T HE GASTRO-INTE STI NAL TRAC T ;
I NCLUDI Nu- LESIO N .t'RODUCED i::3Y X- RAY .

'l'he relationship of trauma to disease of the alimentary tract is a very difficult topic to discuss.
etiology of many of these diseases is unknown.
true cause of peptic ulcer is not yet known.

The

'l'he
Patholo-

gists and clinicians are not agreed as to the mode of
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infection of the gall-bladder or, f'or that matter, of
the appendix.

The pathological and clinical cru.rse of

cirrhosis of the liver is known; but not its etiology,
except in a very limited type of case.

Under such cir-

cumstances, how much more difficult must it be to evaluate the effect of trauma on the development or aggravation of a disease process.

Certainly, in a 11 the cases

described, trauma is not a usual or frequent etiological
agent.

It must be kept in mind however, that the at-

tempt to associate trauma with abdominal diseas.e will
usually .result in failure, except in rare instances.
According to Crohn (11), there is no field in internal medicine that presents a greater percentage of
functional, nervous, and psychic associations than does
the general domain of gastro-intestinal disorders.
abdomen has aptly been said to be
the emotions. "

II

'l'he

t h e sounding box of

For every organic complaint, there is an

almost identical complaint of a functional nature.

In

interpreting the effects of abdominal trauma, therefore,
it is essential to consider the fundamental make-up of
the patient -- whether it is quite normal or of the
neurasthenic, psychoneurotic type.

As Crohn points out,

in evaluating the amount of mental and nervous injury
following an accident, it is important to determine,
first, the ~tients underlying emotional background.
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The original accident may have been trivial or severe.
Following recovery, a post-traumatic psychoneurosis or
mental disturbance or hysteria may ensue.

Many of

these individuals may have an unstable make-up -- and
would, in any case, probably have buckled under as a
result of psychic trauma and frustrations.
Injuries to the sma 11 intestine, which may cause
subsequent disease, occur a.1.most exclusively following
compression or dull blows.

If the trauma is severe

enough, there may result changes which a.re similar to
t h ose occurring in the stomach under like circumstances.
Mock (12), in a publication on infective gran.uloma,
cited 2 cases of injury to the abdomen in which granuloma of t he small intestine, with obstructive symptoms,
perforation, a nd even volvulus had resulted.

In at

least one case, a tear of the mesentery was the direct
cause of t h e obstruction.

From the Mayo Clinic (13),

two cases of regional ileitis are reported, following
severe external abdominal injury.

In the firs-t case,

t h e p:1.tient developed cramps, vomiting, and diarrhea
after 2 severe fal l s.

At operation, an irregular mass,

5 cm. in diameter, was found 7 ft. above the ileocecal
valve.

This case is an instance of traumatic granuloma

of t he smal l intestine, rather t han an example of typical
regional ileitis resulting directly from trauma.

~

In
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spite of previous criticism, Crohn (11) has recently
been led to believe tbat true regional ileitis may follow an abdominal injury.

In his opinion, regional

ileitis, as commonly seen, is not caused by trauma.
However, exceptional cases, do occur in which severe
injury may be considered the important factor.
Intestinal obstruction on the basis of a previous
intestinal laceration or injury, may result as long as
one or two years after the occurrence of the trauma in
the opinion of Crohn.

Usually however, symptoms make

their ap~ arance within a week of the injury.

Cases

have been reported by Schloffer (14), Longard (15),
Maier (16) and others.

The lesions were located in the

small intestine from the jejunum to the ileum, and consisted of strictures varying in size from a wedding ring
to as much as 3 cm. as reported by them.
(According to Mock) (12), lesions of lesser severity
than those mentioned above may result merely in the occurrence of a diarrhea of short duration, as a consequence of minute, rapidly healing ulcerations of the
small gut.
Rosanek (11} recently saw a case in which a stabwound of the abdomen had resulted in three separate and
distinct lacerations of the small intestine, which had
been sutured almost immediately.

Seven years later,
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despite the fact that the patient complained of diarrhea, which had been present intermittently during the
previous six years, no evidence of the presence of a
small intestinal scar or lesion could be demonstrated
on examin ation or on x/ray analysis.
Invagination of the small intestine, as a result
of a single trauma, is a rare occurrence.

Its pathogen-

isis is not clear; but according t o Crohn (11}, as a result of the intussusception, rather extensive necrosis
of the gut may ensue, with resultant fecal evacuation of
the necrotic tissue.

Cases with ileo-ileal and ileo-

colic invagination, have been reported by Monro (17),
Durante (18) and others.

In the experience of Crohn

and Rosanek (11), and from a review of the literature
made by them on this point, they were unable to bring
forward a single, absolutely convincing instance of the
direct etiological relationship between trauma and the
occurrence of enteritis, Hodgkins disease, or neoplastic
lesion or the small or large bowel.

That such lesions,

already present, may be aggravated by trauma is conceivable, however, to most authorities.
The occurrence of lesions in the stomach and intestine as a consequence of radiation therapy is well known.
With the increasing use of radia t ion thrapy in high
doese, lesions are being frequently encountered.

The
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traumatic effect of radiation amounts in general to that
of a special tyr:e of burn.

It is true that in most

cases, the injury produced appears only after a certain
period of exposure; and to this extent, it is not considered as the result of an immediate single trauma.
However, the term trauma is synonymous with injury, and
I

is so broadly used as to include not only destructive
changes of a mechanical type, but also those due to various physical and chemical agents.

Therefore, with this

accepted general definition of the term in mind, and with
the increasing importance of the lesions of the GastroIntestinal tract produced as a result of irradiation, I
have felt it necessary to include some information regarding these in this article:
The first cases with clinical evidence of injury to
the Gastro-Intestinal tract by irradiation were reported
by Walsh (19) in 1897.

Although deaths were recorded

following irradiation therapy, it was not until 1917
that a fatal case with autopsy studies was presented by
Franz and Orth (20).

In an analysis of 127 cases treated

for various conditions by x-rays, radium, o~mesothorium,
or by combinations of them, Haendly (21) demonstrated
that irradiation can lead to the formation of ulcers of
the intestinal mucous membrane and to widespread necrosis
of the intestinal wall.

The following changes were noted
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at autopsy:

small, punctate, macroscopic hemorrhages;

large and small, solitary or multiple ulcers with or
without secondary infection; necrosis of the whole in- ·
testinal wall; perforation; fistulae; abscesses, and
peritonitis.

The microscopic changes included capil-

lary dilatation, hemorrhages, stasis, thrombosis, from
slight injury to complete necrosis of the vessels, destruction and sloughing of the glandular epithelium,
hyalinization of connective tissue and destruction of
muscle.

This certainly gives ample evidence that severe

injury can occur in the gastro-intestinal tract as the
result of irradiation.
Collins and J ones (22) analyzed a series of 422
cases of cervical cancer treated by irradiation therapy.
Of these, 6 cases presented the late (4 months to three
years) canplication of benign stricture of the intestine.
Five were in the sigmoid colon, one in the small inteatine.

The lesions consisted of an annular fibrous

thickening in a localized segpient of the intestine associated with varying degrees of constriction of the
lumen.
Corscaden, Kasabach and Lenz (23) collected 15 instances of injury to the intestinal mucosa.
was an ulcer

Cf

Among these

the rectosigpioid colon occuring 2½

months after the end of treatment.

At operation, the
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specimen s..r:iowed necrosis of the entire wall.

Another

case, 2 months after the end of treatment, disclosed

pneumonia, an annular ulcer in the rectosigmoid colon
with microscopic mucosal necrosis, no carinoma, cloudiness of the submucosa 1 cells and fibrosis of the in•
term 1 muscle coat with infiltration of plasma cells
and polymorphs at autopsy.
In a series of experiments conducted by 'Varren
and vbipple (24), they demonstrated that a massive dose
of x-rays over the thora.E produced no evidence of
clinical disturbance.

This was in contra.st to the

fatal intoxication due to the injury of the small intestine caused by massive doses of x-rays over the abdomen.

In the early stages of the irradiation, the

small intestine became red and inflamed.

The epithelium

had nearly vanished, leaving a collapsed framework of
edematous mucosa infiltrated by wandering cells.

'l'hey

also showed by their experimentation that the normal intestinal epithelium undergoes a.utolysis much less rapidly
than irradiated intestinal epithelium, that no bacterial
invasion

ct'

the boo.y takes place even after the intes-

tinal epithelium has been destroyed by irradiation, that
small, repeated doses of irradiation 01er an interval of
5 to 6 days g1 ve a summation effect, that a cone of
x-rays may be used to injure tart of the Gastro-Intestinal
tract, and that sensitivity to x-ra.ys varies among ani-
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mals of different species.
Wolfer (25) produced chronic ulcers in the stomachs of dogs which were similar, grossly and microscopically, to chronic peptic ulcers in man by exposure of
the gastric mucosa. to roentgen rays.

'l'he ulcers did

not cause hypersecretion or hyperacidity and when situated near the pylorus, a definite delay in the emptying
time of the stomach was noted.
Mulligan (26), in a very recent article states that
with the use of filtration and several portals of exposure on a deepseated lesion, skin injury may be relatively slight; but the underlying tissues may be
severely irradiated.
the intestinal

This is especially disastrous to

epithelium, he points out, which has

been considered as sensitive as the lymphocytes in the
same area.

In addition to the immediate destruction of

the intestinal epithelium, the more distant effect of
irradiation on the blood vessels of the intestine, with
thrombosis and infarction of the whole thickness of its
wall, must be borne in mind as well as the sequelae of
ulceration, perforation, abscess formation, fistulae,
peritonitis, fibrosis, stenosis, a nd intestinal obstruction.
Martin (27) states that the location of x-ray injury
to the Gastro-Intestina.l tract, the sites of predilection
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are those anatomically or pathologically fixed in the
pa.th of the x-ra.y beams.

These include loops of small

intestine fixed by adhesions, the distal 50 cm. of the
ileum, the cecum, the sigmoid colon and the rectum.
Warren (24) presented a report of 38 cases which
were selected because they showed a marked radiation reaction.

The lesions consisted of ulceration,. sclerosis

and combinations of the two.

The process sometimes in-

volved a segment of intestine uniformly; in other instances it was focal, with single or multiple lesions.
The bowel was usually thickened and indurated, with the
serosa opaque and showing prominent telangiectasia.

The

mesentery, particular~y at its point of attachment, was
frequently similarly involved.

The mucosa rarely ap-

peared entirely nonnal, but usually, even in nonulcerated
lesions, atrophy and fixation to the submucosa were seen.
The degree of ulceration ranged from confluent, irregular, superficial erosions to deep, punched-out ulcers.
The persisting mucosa was irregularly heaped up and
nodular in the former, while discrete ulcers were very
sharp-edged.

Telangiectasia occurred especially at the

edges of ulcerated areas.

Stenosis was sometimes due

to diffuse sclerosis with general constriction of a
segment, and sometimes to formation of a stricture at
a site of ulceration.
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Secondary changes repcrted, such as inflammatory
reactions related to penetrating or perforating ulcers
and fistulae, were evident.

Exudation of fibrin, fib-

rinopurulent membranes and adhesions were encountered.
Necrosis was a re. rt of most reactions and in extreme
instances the reaction approached massive gangrene of
a loop of intestine.

III.

TH.ALJMATIC LESIONS uF THE

ESOPHAGUS.

A strict discussion of the gastro-intesttnal
tract would necessarily limit the esophagus from inc~usion. Histologically there is a more or less sharp
distinction r· ound between the esophagus and the more
distal parts of the alimentary tract; in fact it is not
until the ano-rectal region is reached that the histological similarities become apparent a gain. Even in
its comparative anatomy there are marked differences
to be noted. However the connecti on becomes a little
more obvious if, as Chevalier Jackson (28) states,
the esophagus is understood to be" not a tube like
the trachea, but a long, loose, redunda nt, resilient
bagi• intimately related nhysiologically and clinically
with the rest of the gastro-intestinal tract. Carlson
(29) especially has stressed the importance of the
physiological interrelationship between the esophagus

20

and the stomach. This has been especially noted
in the cardiac region. Alvarez (30) states that
the poorly functioning esophagus may be responsible
for many of the symptoms of dyspepsia and what is
commonly spoken of as a 'general gastro-intestinal
upset•. Functionally, tperefore, it is felt that
any discussion pretending to a dequately cover the
lestons of the gastro-intestinal tract must necessarily include the esophagus.
The esonhagus, due to its situation in the
posterior mediastinum and its remarkable mobility
deep in the neck, is practically immune to external
trauma under normal conditions of life. Of course
under the varied circumstances created by the stresses
of war, traumatic lesions present themselves more
often. Acute trauma with rupture has rarely been
reported. Vinson (31) reported four cases in which
external trauma was the cause of a lesion of the
esophagus. There were two cases of cardiospasm, one
of a benign stricture, and one of a perforation,
following an automobile accident. Diverticulum of the
esonhagus, due to a single external trauma, has never
been convincingly demonstrated, although Furbringer
(206) rep o rts a case which is extremely suggestive.
In this instance a 54 ye a r 0ld man suffered trauma
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as a result of falling against a drain and striking
his abdomen. Following this he immediately vomited
blood; subsequently he became markedly emaciated
and only fluids could be swallowed. A diverticulum
was diefintely diagnosed four and a half years after
the original accident at operation. King and Straus
(32) state that while ~nternal perforations of the
esophagus are relatively common, perforations from
without are rare. They feel that this is due to the
deep seated position of the esophagus, its rather
sma ll diameter in the resting, collansed sta te and
to the protection of the surrounding structures,
particularly the· spinal column.
In order to understand what may occur with
perforation of the esophagus it is important to recall
the relations of the esophagus in the neck and mediastinum. In the neck it lies behind and slightly to
the left of the larynx and trachea and in close
relationship to the common ca rotid artery. Throughout the thorax it is covered on each side by the
mediastinal pleura. In the unper part it lies behind
the trachea; below the bifurcation it runs behind
the heart and pericardium and in close rel attonship
to the descending aorta.
In the neck perforation may be into the periesoph-
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ageal tissues or into the trachea or the carotid,
innominate, or subclavian ~rteries. Infection and
edema or abscess formation may cause laryngeal or
tracheal obstruction; a complica tion not uncommon
in children. The event chiefly to be feared is, of
course, descent of the infection into the mediastinum.
The anatomy of the cervical and mediastinal
spaces and the routes by whi ch infection travels from
the neck to the thorax have recently been well worked
out. It is important to remember that although
infections in other oarts of the neck rarely descend
into the mediastinum, those occurring in the periesonhageal spaces do so with extreme ease and frequency •
. t'erforation of the thoracic esonhagus may be into the
mediastinal space or into the trachea, pleura, lung,
aorta, pericardium or heart. The perforation may be
direct or by infection and erosion .
Hayes (33) has classified perfor~ tions of the
esophagus under three main tynes:
1. Slowly perforating, or eroston by a foreign
body lodged in the esonhagus.
2. -anute perforations, such as those made by
Dins , fi sbbone_s and the like.
3. Gross , immedi a te perforati ons produced by
instrumentation or tearing of the wall during removal
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of a sharp body, by means of instrur.1entation.
In the fir s t t wo, an inflammat ory process may
be set up th nt produces the extens ion of the infect~on
into the posterior mediastinum. 1he third is the
most serious and the resu l ting signs and symptoms
are the most pronounced.
This extension of infection from the perforation
into the mediastinum is a dangerous factor. According
to t'earse (34) the retrovisceral space is the most
important highway or communication between the neck
and chest • .Perforation of the t h in posterior wall
of the cervical esophagus brings the retrovisceral
space in contact v"i th infection. 'l'his in turn is in
direct communication with the posterior mediastinum,
one of the most dangerous areas in the human body
for acute infection to lodge. When this ta kes nlace,
without time for a walling off process to take place,
a surgical emergency exists in wh ich time is an
important element.(Hayes 33J.
Snyder (35) disagrees with rearse on the importance
of the visceral space. rearse states tha t infection
in the visceral space outside of its pretracheal
compartment rarely leads to mediastinitis. Snyder
states that to him, this view seems difficult to
accept. Although he grants that infection may be
impeded by the delicate fibrous tissue about the
lateral wall of the esophagus and trachea, he d oubts

24

that such tissue should serve as a true block to
the spread of infection. 'l'o him it would seem logical
to consider the visceral space as the natural pathway
for the descent of pus with the carotid sheaths as
the outer boundary of this pathway.
The variety of common household objects causing
I

perforation is legion, varying from coins and toys
to toothpicks. The most common offender, however,
is a sharp-edged or pointed bone. 'l'he most frequent
and most dangerous of all is the chicken bone.
It readily produces a deep laceration to be inevitably followed by a rou.L putrid t y pe of · necrosis and
supnuratton. rerforation may be precipitated by the
patients own e1Torts to rid himself of the foreign
body. Straining, gagging and the swallowing of bread
crusts as we.Ll, as ' faulty or careless instrumentation
· often changes the picture from one of simple esophageal
obstruction to that of a critical perforation (Snyder
rerforation of the esophagus in children though
infrequent, usually follows the accidental swallowing
of almost any sort of object. wallfield (36) states
that the diagnosis of perforation of the esophagus
is ofteri on.Ly inferred, even arter careful endoscopic
examination • .tte states that any mucosal injury should
be viewed with suspicion and that the patient should
be follo wed by frequent roentgen studies. Guthrie and

35).
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Holland (37) formulated some roentgen criteria for
the presence of a foreign body or abrasion of the
esophageal mucosa:
1. H:vidence of any .. hold-up'' or swallowed
opaque materia l, usualiy wiuh regurgitation.
2. Division of the medium into two streams
which reunite lower down.
If perforation has occurred, air may be present in
the paraesophageal spaces and the esophagus may be
displaced.
In Head's (38) article he discusses five cases
of perforation of the esophagus by a foreign body
which he has seen and sixty-seven cases collected
from the literature are reported. An analysis of
these seventy-two cases indicated that pointed
objects are ~ ost apt to cause perforation. The foreign
body became lodged in the cervical esophagus in
62.6 per cent of the cases and in the thoracic esoDhagus in 17.1 per cent . In 20 per cent the location was
not mentioned~ In 43 cases no opera tion was performed.
In 60 per cent of these the patient recovered and
in 35.5 per cent the ratient died . In the whole
series there were 28 deaths and 44 recoveries.
A case taken from Hayes 1 s (33) article serves
well to present as a typical example of esophageal
perforati ons. A woman, age 53, was eating chicken
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dinner at home. Suddenly something lodged in her
throat, and she became quite desparate. A doctor
was called and he attempted to pass a stomach tube.
She breathed better for a short time following this,
but the pain was intense. On esophagoscopy a small
piece of bone from the upper esophagus was extracted.
There· was also noticed a perforation in the posterior
left area of the esophagus. She continued to have
pain and marked emphysema in the left side of the
neck and anteriorly over the shoulder. Operation
was then performed opening up the retrovisceral
space and thoroughly drainging the infected a rea.
The patient recovered uneventfully.
Bullet wounds of the esophagus are rarely met
with and few reoorts of them are found in the literature. Nuthall (39) reporting bis experiences in
World War I, states that he only saw one case amongst
some 8000 wounded men treated in a casualty clearing
station in six months. From its close anatomical
relationship to the air passages, carotid and jugular
vessels, and pneumogastric nerve it is probable that
theinjury to the esophagus is overshadowed by the
more serio us, if not immediately ·fatal effects produced by wo~nds of one or more of these imnortant
structures. In the case that Nuthall saw, perforation
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of the esophagu s · coexisted with a wound of the
internal jugular vein; the formation of a prevertebral abscess, which ruptured into the pleural
cavity, direct l y led to a fatal end .
One of the f irs t cases reported in , the literature
is that of Longmore I s (40}. 'l'his is recorded in his
"

surgical experiences in the Crimean War in 1855.
A musket-ball passed comp le tely through a soldiers
neck, lacerating t he upper part of the esopha gus .
Jolly (41), reporting recently on his experiences
in World ,Ja r I, had only five cases of esophageal
wounds in a series of 4,500 casualties. He noted
that they were chara cteristically seen to have
escape of fluid from the wcund i n the neck and usually
we re complicated by injuries to the respiratory tract.
In none of his five cases was there a comple t e b reach
in the continuity of the esophagus.
One of the most rema r kab le cases was report ed
by Adam s ( 42 J in 1850. 'l'his was the result of a
different type of injucy produced by a self-inflicted
wound of the throat. Many suicidal attempts are made
by t h is means but seldom is the wound so severe,
Adam s' patient wa s a man, age 25, in wh ich an oblique
incision in the anterior part of the throat was made,
.....

extending from above the thyroid cartil age to the
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fourth ring of the trachea. Both the thyroid and
cricoid c ~rti:,i.ages, and the three first rings of the
trachea were divided . The knife had passed between
I

the sterno-hyoid and sterno-thyroid muscles, and. had
slightly lacerated them at their inner adges ; the
isthmus of the thyroid body was laid bare, but not
divided. The wound was inflicted by the patient
himself with a corrnnon table knife. An interesting
obs e rvation is made by Adams in the treatment of
t h is patient. He states that the adm ini stration of
food by rectum is invaluab le . in such cases and his
patlent owed his life to this measure. Scott (43)
in 1928, also reports a case much like Adams'. The
patient had a gaping wo und ~n the middle third of the
neck extending frcm the external borders of both
sternocleidom a stoids. It extended in depth to the
muscles covering the cervical vertebrae. The trachea
and the esophagus Were both c ompletely severed. An
interesting thing about this case was that although
the recurrent laryngeal nerves were not identified
at the operation (they were undoubt~dly severed),
yet the patient talked in a loud voice.
The development of emphysema. and pleural complications are sometimes met with in esophageal injuries,
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Jackson (44) has said ' that perforation of the esophagus may give rise to sufficient mediastinal emphysema .
to cause death without t h e develonm ent of infection.
The close relationship of nleura and pericardium to
the mediastinum results in early pleurisy, enipyema , ..
and pericarditis . Osgood (45) in 1862 reported just
such a case. A girl, age 11, swa l lo wed a chicken
bone which became lodged in her throat. Following
poor attempts at instrumentation to remove the bone ,
it perforated the wall of the esonhagus , resulting
in onl y a very sli ght, symptomless perforation at
the time. Later there developed emphysema , marked
inflammatory reaction aro und the site of perforation,
pneumonia., pleurisy and finally pericarditis and
ultirr~tely death.
Petrin (46) reports aver¥ interesting case in
which air under high pressure caused an esonhageal
injury. An air hose was the in~trUT'lent used and the
sudden application of this column of air caused a
rupture of the esophagus six inches long and leading
to emphysema subcutaneously all over the t h orax and
extending into the arms and neck.
One of the more common injur i es to the esophagus
occurs as the resu l t of poor attempts to remove
forei gn bodies . All kinds of ob jects have been made
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use of in these blind probing e ff orts at extrication,
and many times comp li ca tions have resu lt ed that have
led to seri ous consequences. The esophagoscope was
developed by Kussmaul, Storck and vonMikulicz (47)
during the 1a tter decades of the nineteenth century.
~rior to this work, the iodgement of a foreign body
in the esophagus was an extremely serious accident
which carried a high mortality. Jemerin (48) in 1939
reported two cases of putrid periesophageal abscess
extending into the mediastinum following trauma
to the esophagus during esophagoscopy without any
actual perforation of the viscus having taken place.
The trauma was insignificant and might occur at any
well conducted esophagoscopy. Accordingly, these cas e s
comprise evidence that this comp lication should be
watched for after any esophagoscopy, no matter how
easily executed, if pa:tn, dysphagia. or fever follows
the passage of the instrument. There have been three
other ref e rences to this injury in the literature.
Wietke (49) had _two cases, both of them dying. They
-s howed laceration of .the mucosa of the esophagus
without any actual perforation occurring. t'hillips
( 50) sta tea that a virulent inflammation with a
minim.um of trauma to the esonhagus might set up
active mediastinitis.
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Kelly (51) reports a case which he states is of
interest because it illustrates well the dangers of
blind instrumentation of the gullet , whi ch despite the
warnings of such eminent authorities as Chevalier
Jackson, is still occasionally carried out. It also
shows that the esophagus, a notoriously surgically
intolerant organ, can sonetimes recover from severe
trauma.
The patient was a f a rmer, age 40. The poor attempt
at removal of a fishbone by a doctor resulted in a
case of cellulitis of the paraesophageal tissues in
the right side of the neck. Examination by mirror
laryngoscope revealed frothy mucus in the pyriform
sinus. About one inch be low the leve 1 of the cricoid
the right lateral wall of the gullet was found to be
bulging medially , almost obliterating the lumen. On
the summit of this bulge, an area measuring one inch
by one-half inch appeared to have been stripped bare
of mucosa , and ~resented an ulcerated

appearance.

Suprisingly , no stricture sufficient to cause dysphagia
resulted although the area of mucosa destroyed was
considerable, and the infection of the tissues of the
neck on the right side was sufficient to cause
external swelling.
One of the more c omrnon injuries to the esophagus,
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especially in c h ildren, is that produced by chemical
burning. 7he ingestion of NaOH in lye, washing powders,
drain pipe cleaners and paint re m.overs is the commonest, but stenosis of the esophagus also may follow
burns from acids, bichloride of mercury, ammonia,
cresol disinfectant and iodine. Guisez ( 52) ·reported
tha t the ingestion of caustic alkali was responsible
for 169 out of 185 p atients with strictures of the
esophagus. Zimanyi (53} reports from the Budapest and
Berlin hospitals ten per cent of the patients in the
otolaryngology dep artment with ulcerative burms of
the esophagus from lye, wh ich is used exclusive l y in
the home manufacture of soap. Be l inoff (54) states
that in a five year per i od over 300 patients were
seen in his clinic with esophagitis due to the ingestion of caustic corrosi ves. Ma rtin and Arena (55)
in their excellent -article found that in their series
of 50 cases of stricture of the esophagus, lye was the
etiological a gent in 48. The frq u ent ingestion of
corroslve acids by adults for sui cidal purposes is
well known. However the number of esopha geal strictures
following this type of ingestion is small in contrast
to the almost 100 per cent ulceration of the esophagus
that occurs of caustic alkali is swalloed by children.
The ingesti on of lye, probably because of

33

dissolving the mucous coating of t he esophagus, usually
causes esophageal ulceratio n and obstruction. Once
this solution reache s the s tomach, it is diluted
rapidly, and r a rely caus e s ga s tric obstruction; since
by then it is innocuous. The acids, on the other hand,
seem to have only a scorching e f fect on the esophage a l
mucosa and concentrate t heir effort on the pylorus.
The ingestion of acid, even in small quantities or
low concentrations may be followed by the formation
of scar tissue somewhere in the stomach withou t
i nvolving the esophagus. Sama'ja ( 56) beieves this
concentration to be due to tetanic contractions set
up in the gastric wall.
The great est number of l ye burns occur in ch ildren.
In Vinson's (31) series ho wever, a large number
occurred in adults, and Hodge a nd Scharfe (57)
re ported 50 per cent of their pat ients over the age
of 35 years. In Matrins and Arenas (55) series, 50
per ·c ent were under the a ge of t wo yea rs, the other
50 per cent varied: from 2 to 64 years. Since the
esophageal opening in children is s w~ll, the strictu re
more frequnetly is found in t h e upper third of the
esonhagus, usually a t its ana tomic or ph syiologic
narrow-ings, in order of frequency, at the crossing of
t h e left bronchus, in the regi on of the cricopharyn-
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geus and at the hiatal level. About 30 per cent of
all p atients have more than one stricture, -ehe lowest
being more severe. In multiple stricture there usually
is a dilatation between the strictures with retention
of secretions and food ( Martin and Arena 55). Complete
occlusion, in wh i ch the esophagus is stenosed by a
diaphra gm, occurs very r a rely. Of the 185 cas e s
repo rted by Guisez (52) only 4 had impermeable strictures.
A t h ird group of esophageal injuries wh ich

have become of more i:Q,te.r set in recent years is the
spontaneous run ture of the esophagus which sometimes
occur. Since the condition was first described by
Boerhaave ~n 1724 (58), there have been only 40 cases
published of t h is condition. The original case was that
of Baron V
fa s senaer, Gr a nd Admire.1 of t h e Dutch Navy,
wh o wa s : a nota ble glutton. It was his custom when he
ha d consun,ied more t~~n his stoma ch could comfortably
ca rry to relieve h i mself in the Roman fashion by
titilla ting his uvula. One day in 1723 he ha d enjoyed
a particul qr l y am ple meal but recourse to his usual
maneuver ev ked no res ponse; according ly, he took a
gentle vomit and was i nnn ediately seized by an agonizing
pain in the chest with the sensation of bursting.
Boerhaave was consulted but was unable to relieve his
pain, and after 18 h ours he died. On post-mortem
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examina tion it was found that the esonhagus had
ruptured a short dist a nce above the diaphragm and that
gastric contents were free in both pleural cavities.
All of this interesting description was published by
Boerhaave in 1724 in the form of a pamphlet entitled:
Atrocis , nee descripti prius, Mo~bi Historia .(58)
Heller (59) in 1939 described a case in a man ,
age 67. He had ea "ten a heavy meal shortly ·b efore,
The patient suddenly wa s overcome by great agony,
apparent l y trying to vomit. The autopsy revealed a
spo ntaneous rupture of the eso -ohagus just above the
diaphragm wi th the left pleural cavity filled with
fluid and food and the lung collapsed. An area of
ulceration was f ound in the mucosa just above the site
of perfor a t i on on microscopic study. Heller feels
that in most cases as in this one that there is
usual l y some pre~existing lesion or weakness present
in the wall. In this case he felt that the spontaneous
rupture occurred as a result of a pre-existing peptic
ulcer at the junction of the stomach a nd the esophagus,
wi th perforation at the upp er end.
Mallorn (59) and his co-workers in 1940 described
a case of a man, age 44, who had eaten a heavy meal
and then ret i red. He awoke and drank a glass of water
and i mmediately was struck d own with desparate pain.
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He continued in great pain and died the next afternoon.
At necropsy there was found

a.11;

extreme degree of

emphysema of subcutaneous tissue of the face, neck
and chest. In both pleur a l cavities there were
effusions of brownish fluid smelling of gastric
contents. Examination of the esophagus revealed a
longitudinal linear tear through all the coats. It
was six centimeters in length and lay to the left of
the midline. The lower limit of the tear was four
centimeters above the cardia, Undigested foodstuff
was present in the esonhagus, in the tear, and in
the posterior mediastinurn. Sections of the esophagus
showed no scarring or

-p3.

tho logical process present.

In this particular condition almost all of the
subjects have been obese men usually given to good
living. The attack has commonly come on after an
ample meal, in some cases associated with vomiting
or eructation. In a few cases it has been associated
with vomiting due to a cerebral lesion. At postmortem the lesion is almost invariably a longitudinal
tear 1-8 centimeters long, involving all three coats
and usually

occurring on the posterior surface to

the right, immediately above the cardia. The etiology
of the spontaneous rupture is obscure. Some authors
insist that the esophagus was previously diseased and
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this may well be the case, but it seems nrobable
that if the circu1a :r;- 'muscles are in spasm and the , e
1

is a sudden contraction of the diaphragm the strain
would be such as to produce a. lesion of the kind
found in spontanems runture of the esopha gus {Mallom) .

IV.

TRALJMA'rIC LESIONS OP THE S'l1 0M ACIJ .

The stomach is well adapted to evade the effects
of trauma. When it is empty, it escapes the effect
of a blow by moving asiae, but when it contains gas
or food contents, it is not so easily displaced.
In severe compression injuries such as traumatism
from being run over, the stomach may be severely
compressed against the vertebral column and thus
suffer seri ous lesions. Such severe traumata may
cause injuries of the ga stric wall, varying from
mucosal and submucosal lacerations with extravasations
of blood ( subrriucosa.l suffusions) to acute_ hemorrhages,
with separation of the mucosa for a. varying extent.
Gre a ter blows may ca.use actual rupture of all, or of
several, of the coats of the stomach wall . Such injuries
urua.lly produce lesions on the lesser curva ture of the
stomach, at or near the pylorus, or may ruoture the
fundus completely by sudden elevation of the intra.gastric pressure to tbe bursting point. The milder types
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of lesions may regress with healing ; death may ensue
from hemorrhage or perforation; immediate surgical
interven tion may save the patient, or, possibly an
ulcer of the mucosa and the walls may result. Museular
strain from - lifting, , and concussion due to falls from
a height may likewise cause lesions of the mucous
membrane provided the stomach contains gas or food
contents. However, Kessle r(5) believes that in such
instances the stomach is usually

the seat of existing

disease. In some cases traumatic ulcers may go on to
rapid healing . ~owever, there may be some ulcers
which , due to underlying disease, may progress to the
point of perfloration. It is hardly necessary to mention
that the perforation may be caused by an old gast ric
ulcer. Wounds of the stomach give rise to s:1.gns and
symptoms very similar to a perforated ga stric ulcer,
but in addition considerable hemorrhage usually occurs
as a resu lt of damage to the gastric vessels. The
wounds are often of considerable extent, and their
repair which must be undertaken as early as possible,
is by no means easy.
I have arbitrarily divided the traumatic lesions
occurring in the stomach into four main groups. In
some cases this division may not pr6ve adequate, but
with the exception of a few isolated cas e s this
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seems quite satisfactory. Of crurse it must be
remembered that frequentJy one or more of these
types of lesions may be present in the same ootient.
These divisions are as follows: the subcutaneous
rupture, the penetrating .wound, the lesions produced
primarily by foreign bodies, and the spontaneous
or bursting injuries of the stomach.
By subcutaneous rupture of the stcrnach, a condition
to which the term "subparie tal rupture'' is sometimes
applied, is meant the rupture of that organ unassociated with penetrating wounds of the abdominal wall .
This excludes such injuries as gunshot and stab
wo unds; cases in which there is a pre-existing pathological lesion, as ulcer or carcinoma, are also
excluded. This type of rupture may be only traumatic.
Traumatic rupture of this type is comparitively
uncommon. Makin (60) in 1870 reported 282 cases of
abdominal injuries, 89 of which had rupture of
internal viscera with not one gastric rupture.
Sherren (61) reported 270 cases of abdominal contusion
at the London Hospital with only five cases of
ruptured stomach. Battle (62) reported 165 cases of
gastro -intestinal injury with no cases of stomach
injury. Eisendrath (63) in 1902 reported 143 cases of
injury to abdominal viscera also with no cas e s of
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·· stomach injury. In 1896 .l:'e try ( 64} collected 219
cases of rupture of the gastro -intestinal tract with
21 cases of ruptured stomach, thirteen were tramatic
_and eight were snontaneous. Ulassman· (65) in 1929
reported 31 cases of traumatic gastric rupture.
The positi on of the stomach to a great extent
protects it frcom injury and accounts for the few
cases of this type of trauma encountered. When empty
the stomach lies at the back of the abd::>minal cavity
and is little exposed to any direct force. The left
half of the anterior-superior surface is in contact
with the diaphragm and covered by the base of the left
lung and the 7-8-9th ribs; the right half is in contact
with left and quadrate lobes of the liver, and over
a small area with the anterior abdominal wal l. 'l'he
transverse colon may also cross this surface.
Other abdominal viscera are less well -protected
and much more susceptible to injury. The intestines
lie against the antermor abdominal wall , especially
the jejunum and ileum which are most frequently injured.
The kidneys are poorly protected posteriorly and
laterally by muscles, and medially are in close
contact with the transverse processes and bodies of
the vertebrae against which they may be impinged by
a localized force. It is due largely to their anat-
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omical positions that the liver, spleen, pancreas,
intestines and kidneys are found much more frequently
injured than the stomach.
Rupture of the st om ach occurs in theRe cases
in one of three ways according to Glassman (65);
by bursting, by crushing, or by tearing • .b'orce may
act directly or indirectly and may be diffuse
(run over, crushing, fall from height) or circumscribed (kicks, blows or falling on an object).
It is difficult to pre di ct from the tyne of injury
the exact mechanism of rupture. In a diffuse injury
with crushing of the external body, a crushing injury
to the stomach is expected, but instead, ~specially
if the s tomach be filled, a bursting type of injury

or rupture may occur. In the localized type of injury
iristead of being crushed against the spinal column,
the stoma ch may burst like a paper bag which is struck
when blown up. Only if there is evide~ce of rupture
of the anterior and posterior wall opposite each other
in direct line with the spinal column, can a crushing
mechanism be diagnosed with certainty. Tesring of the
stomach may occur, for example when the abdomen is
struck by an object which catches the greater ·omentum
and carries it distally as in a case described by
Glassman (65), or in a fall from a great height,
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the stomach, at the moment of impact, is carr_ied
by its own momentum and tears at its attachments.
Because of the difficulty of separating the cases of
this group according to the mechanism of injury,
Glassman in his article has divided them into those
due to localized, and those due to diffuse traumata.
The diffuse type of injury is the most common;
in his neport, twenty-one or 65.6 per cent belonged
to this group. It is also in this type of injury that other
organs are prone to be injured at the same .time.
This probably is due to the force or impact acting at
several points, thereby allowing a grea ter opportunity
for other structures to be involved. Glassman further
reports tha t of the t wenty-one cases with diffuse
type of trauma, sixteen or 76 .2 per ·cent had other
injuries, whereas of eleven. cases with circumscribed
type of trauma only six or 54.5 per cent had other
injuries and three of these consisted of only ruptured
recti muscles . The internal organs were injuried in
13 or 62 per cent of the former type as again 8t two
or 18 per cent of the latter type of injury . Rupture
of the spleen or liver occurred in 11 or 52 per cent of
'
the first group and only in t wo cases of the second
group. Duplay (67) cites , as examples of mucosal tears,
t h ree cases which after insults to the abdominal region
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vomited blood, but spontaneous healing occurred in
all. Hoffman (68) cites four cases of mucosal
traumatic tears and Leube (69) reported one.
Externa l evidence of injury is more often encountered in the circumscribed type, as in LHassmans
five out of eleven cases; in the diffuse type only
three showed any evidence. The lack of this evidence
seems almost incredible with the types of tnjury which
were sustained in some of the renorted cases. The
anterior wall was effected in 17 of the 24 case in
which the surfa ce was mentioned. The greater and lesser
curvatures were equally involved five times. The
lesser curvature and cardia which are well protected are
· probably involved

only in the bursting type of ruriture.

Glassman warns that in this tyoe of rupture other :
rents may be present. These are oft 3n imcomplete
tears and may often be overlooked. In his article
the exact s i te of rupture is not often stated in the
records. In 21 reports the location was described.
Fourteen of these, or two-thirds, were in the region
of the pylorus. This undoubtedly is because of the
greater degree of exposure to trauma that t h is site
offers and its situation over the spinal column.
Rupture of the norr1al stomach has been the
subject of considerab le experimentation by several
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writers. Ritter (70), experimenting wi th animals,
directed a blow with a knobbed sti ck against the
abdaninal wall. He frequently produced a hematoma
between the mucosa and submucosa but never produced
a ruptu r e. Vanni (71) filled the stomachs of ani~ als
and then struck ~them over this area with a club.
He freque n tly obtained mucosal tears often extending
into the muscularis , but no complete rupture.
Murdfield ( 72) filled normal human stomachs immediately
after death with 2-3 liters of we ak HCl, then added
NaHCQs • He regularly produced a. rupture at least in
t he mucous membrane. Kay Aberg (73) found that overdistention produced typical injuries to the mucosa
along the lesser curvature nea r the cardia. l<"urther
distention produced c omplete tears along the lesser
curvature, the tearing taking pla.ce from the inside
of the viscus outwa rd (as prob qbly occurs in cases
of spontaneous r 11mture according to Wolf ( 74) ) •
Aberg believes that the rupture of the stoma ch along
t h e lesser curvature wrien overdi stended- is due to a
mechanical factor; the cone-s haped formation of the
stomach. ' Fraenckel (75), after a series of expe riments,
always produced a typical rupture along

the lesser

curva ture but concluded t ha t t hi.s was due to an
anatomical cause. He found that muslce tissue of the
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lesser curvature had less "elasticity than that of
the gre8ter curvature and therefore there is a
greater resistence to stretching along this area.
This , together with the fact that there are fe wer
mucosa l folds along the lesser curv~ture , caused
Fraenckel to conclude thnt great e r tension was
produced on this area during overdistention and
consequently it ruptured first.
A few interesting facts are noticed in regard
to the sex incidence Of this les ion . In Wolfs entire
'-

s eries of cas e s, 42 occurred in males and 21 in females.
In the group of traumatic ruptures the male predcm inated (76 p e r cent). He concluded that this was
probably due to the fact that they are subject to
trauma in genera 1 more frequently than women.
However in the group of spontaneous ruptures, 59 per
(

cent occurred tn women .
J olf presents some interesting facts concerning
the

p:i.

thogenesis of subcutaneous rupture of the st on ach.

First he states that the fo rces employed may produce
the following types 01' lesions:
1. tears of the mucosa
2. tears of the senosa
3. tears of the serosa and musculari s
4. separations between the mucosa and muscularis
5. cornpl•~ te r uuture through all the layers.
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In the series of cases he presents, complete rupture occurred in 87%, t h e most comm on location being
near the pylorus on t h e anterior wa ll of the stomach
exter:din g dovm. from the lesser curvature.

Of these

cases t h e rupture was located at the py lorus end in
74% of the cases, on t h e anterior wall in 74%, and at
or near tne lesser curvature , in 67%.

In addition to

the injury of the stomach, especially men due to a
diff use ty pe of trauma, there were associated injuries
to other abdominal visc e ra in about 55% of the cases,
the liver and spleen being t h e organs most frequently
involved.

•,~olf 's series · of cases seemed to consist

chie r ly of complete tears thru all the layers of the
stomach.
Clayton l 76) in 1894 reports a c.a se of a boy,
age 16.

He had been caught between the buffers of

two railway trucks while helping to shut them.

'J.'here

was only slight abrasion of the sk in in t h e left
hypochondriac region.

At operation the stomach s h owed

no sign o:f previous disease, and the ruptures were
limited to t he mucosa; the correspon ding posit ion of
the two areas suggested the possibility of some solid
portion of food having intervened between the two
walls of the stomach as they were pressed together.
Scotson (77) in 1929 reported two cases of trau-
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ma tic rupture of the stomach.

'l'hey were both caused

by injury when the stomach was full, and both were
operated on within 8 hours of the accident.

In one

case, the upper r:a rt . of the lesser curvature of the
stomach was affected, and in the other the pyloric
portion of the stoma.ch was involved.

In neither case

were there any other abdominal injuries, either internal or external.

¥ rancher (78) in 1932 reported almost

identica 1 cases in 1M1 i ch the pa. ti en ts both had full
stomachs at the time of the accident.

He explains the

common occurrence of the rents in the stomach wall being located in the pyloric region on two factors:
first, that the stomach is more exposed in that region,
a nd secondly that at this point the stomach is comparatively fixed and directly in front of the spinal column.
He also goes on to make the statement that the question
of distention is probably the ch ief factor in conjunction with the trauma.
Penetrating wourrls of the stomach are those ca.used
by missiles, usually gunshots, stabs from lrnives, and
other sharp instruments, and deep lacerations from machinery, moving veh icles, falls against sharp objects
and the like.

The literature is filled with many re"'.'

ports of cases fa'l ling into this group.

It is important

to remember that gunshots and stabs of the back below
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the level of the sixth rib on the left side are liable
to penetrate the abdomen as well as the chest and must
always be examined with that possibility in mind.

In

these stab or bullet wounds, injury to the stomach is

often suggested by the location of the external wound.
A consideration peculiar to a discussion of perforating wounds of the stomach, and one which has a most
important bearing on morta 11 ty is whether or not the
stomach is empty at the time of the injury.

Gastric

juice alone is relatively sterile, and its spill into
the peritoneal cavity, although it may cause an excessive degree of pain and rigidity, does not necessarily
produce peri toni tis.

The spilling of the contents of

the full stanach, havever, is another matter; and delay
in closure of the perforation may have serious consequences.

'l 'he excellent studies of Bergh, bowers, and

Wangensteen (79) show t hat when the stomach was empty,
experimentally produced perforation was associated with
a mortality of 6.9%, which rose to 86.7% when the stomach was fu 11.
Post-marten proof exists that the stomach is the
only portion of the gastro-intestinal tract in which
spontaneous closure of a perforation can take place, and
according to Makins (69) wounds most likely to close
spontaneously are those located on t he posterior aspect

49

of the stanach near the lesser curvature which is the
most inconvenient situation for operative manipulation.
Meyer and Shapiro ( 80) have pointed out in a collective
review that if the laceration is not longer than 1 cm.
and if the stomach is empty, the mortality of nonsurgical treatment does not exceed 10%, which is less than
the mortality of operation.

If, however, the stomach

is full, the risk of conservative treatment rises to
95%.

According to Abadie ( 81), though a qui'te anterior
penetrating v.ound of small dimensions has a great chance
of healing spontaneously, it is not so if a marginal
wourrl reaches the vascular belt that surrounds the
stomach; when a posterior perforation has produced an
abundant flow of blood or of gastric fluids into th~
posterior cavity of the omentum; when the wounded man
has just eaten, in which case there w 111 almost certinly
follow the escape of its contents; when, lastly it is
a question of extensive wounds or bursting.

In the lat-

ter case, it too often is to be feared that all intervention will be ineffectua 1.
Bursting lesions of the stomach are usually in the
form of longitudinal tears which tend to parallel the
lesser curvature.

'l'he immediate flooding of the peri-

toneum with gastric contents and blood is so rapidly
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fatal that this rather rare lesion is seen more often
by the pa. thologist than by the surgeon.
Rarely do gunshot or revolver wounds of civilian
life Et1 ON the bursting effect on the stomach that has
been noted by such military surgeons as Abadie and
Jolly.

Even in war· wounds, it is infrequent as com-

pared with the bursting effect of high velocity war
missles on the distended bladder and the brain according to Vaughn (82).
Injuries inflicted by high-velocity projectiles
have certain specific characteristics.

This subject

has been very thoroughly studied by tilack, Burns, and
Zuckerman (83), recently; and many vital facts have
been discovered. ,. Projectile injuries occurring during
air raids are mainly caused by machine-gun bullets,
fragments from high explosive aerial bombs, p~eces of
anti-aircraft shell, and pieces of flying masonry or
glass.
The tissue injury caused by a flying missle depends
largely upon its kinetic energy, which in turn is
governed by its mass and velocity.

When it is . con-

sidered that the velocity of aerial bomb particles in
the immediate .neighb,orhood of the explosion is of the
order of 5,000 feet per second, which is considerably
higher than that of a modern rifle bullet, th~r capacity
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for tissue disruption becomes more evident.

If the

greater part of this kinetic energy is spent in producing extensive surface laceration, there is obviously
little left to produce deeper injury.

On the other

hand, a high : velocity projectile may make a relatively
small wound of entrance, but cause devastating tissue
destruction when its kinetic energy is suddenly reduced
by impinging on bone.

It is this latter type which of-

ten causes such large tearing injuries in the stomach
and intestine.
In the case of bullets, the severity of the wound
may vary considerably with the distance of the firing
point frcm the wounded individual; si nee, at the beginning and end of the trajectory, a bullet develops a
wobble in addition to the rotation around its long axis
imparted by the rifling.

Thus, at very short, or very

long range, the bullet may actually strike obliquely,
with corresponding increase in its destructive powers.
Ricocheting bullets may also strike in an irregular manner and may undergo di sint igra tion within the body

which of c curse may lead to massive involvement of the
stomach and intestine.

Fragnents of aerial high ex-

plosive bombs, owing to their irregularity, usually
cause greater damage to soft tissues than do machine gun
bullets.

Wounds from high explosive bombs are, of course,
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frequently multiple and often associated with crushing
injuries, concussion, and shock.

Black and his co-

workers ( 83) have indicated that the exten s1 ve tis sue
injury caused by small high velocity bomb splinters is
due to the fa.ct that

11

particles lying in their path are

thronn radially with sufficient violence to leave a
central cavity around which tissues at some distance
from the tract are momentarily stretched '1 •
A large part af the literature covering the subject

of penetrating wounds of the stomach also includes the
material and cases on penetrating wounds of the bowel.
Very few references are made spec if ically to such injuries of the stomach alone.

For this reason then, I

have arbitrarily deferred much of the information regarding penetrating wounds until a later paragraph.
To find foreign bodies in the stomach is by no
means rare.
counts.

The medical literature is full of such ac-

Foreign bodies ~re likely to be swallowed ac-

cidentally by normal individuals, including young
children; by individuals with suicidal intentions; by
insane persons, and by professional jugglers and mountebanks, who swallon them to make a living.

Most cases

reported in the literature shon suprisingly little harm
to the stomach.

However,

s::>

me cases have been reported

such as Tuft's ( 84) case in which pe rfora ti ons of the
\
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stomach have occurred.

There are also sane cases re-

ported in vvhich the foreign body has led to ulceration
of the stomach wall; however, this usually has healed
promptly when the exciting cause was corrected.

Some-

times the perforation may be harmless because the
,

swallowed object is c onpletely' walled off and leakage
does not occur.

The gastric tetani which was reported

by ii!Jarbasse (85) in one of his patients is unique.
It is also possible, though unusual, for foreign
bodies of various sorts to enter the stanach through
perforating wounds, operative incisions, and fistulas.
Gallstones are occasionally found in the stomach after
rupture ar the gall-bladder, rut they usually appear in
the duodenum..

A person who is known to have swallowed

a foreign body should be under continuous observation,
especially if the object is sharp.
The literature is filled with still another type
of foreign body commonly seen in the stanacb.
the bezoar.

This is

These may vary a great deal in substance

and size, and many very unusual cases have been reported.
However, the discussion of these foreign bodies does not
fall within the scope of this article in that it is almost unknONn for one of these bezoars to lead to any
type of traumatic lesion or conplication.
Spontaneous rupture of the stomach occurs so infrequently that many authorities believe it can never take
place in an essentially healthy organ.

However, the 14
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carefully authenticated cases which Glassman (65) has
collected are proof of both the possibility and the extreme rarity of the catastrophe.

The question of spon-

taneous rupture of the stomach has been discussed for a
long time and Percy and Le rent ( 86) in 1819 devoted
several pages to the discussion and cited numerous
cases.

Even as late as the nineteenth century, sponta-

neous ruptures of the healthy stomach in man were thought
to be frequent.

This is easily understood.

Not until

1829-35 did Cruveillier describe ulcer of the stomach
and its perforation.

Thompson (87) described a case

which occurred in a young woman, age 26.

This case is

particularly interesting because of the vivid description of the treatment employed in those early days; such
things as leeches and bleeding were made use of without
quest ion.
When spontaneous rupture does occur, it usually
takes place on the lesser curvature, which experimentally
is the first area to gtve way, as mentioned in a previous paragraph.

In discussin g the human cases of sponta-

neous rupture, first of all the question of distention
and its effects on the stcmach must be again ts.ken into
consideration.

The mere mechanical factor of acute dis-

tention, however, is not sufficient, according to Ulassman (65).

He emphasizes tnat there are other contribut-
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ing factors which must be considered.

The first ques-

tion to be asked he says, is, why the overfilled stomach does not empty itself normally before the limits
of its elasticity are reached.

This may be due to a

mechanical or functional obstruction.

According to

Albrecht and Kelling (88), passive valve closure in
which the overfilled fundus oompresses the esophagus at
•.

the cardia and other mechanical factors may take place,
or failure of the stomach to empty might be purely
functional in character in the est1mation of Glassman
( 65).

He goes on to say that one can assume a direct

influence of the distention upon the nervous mechanism
of th ·e gastric wall whereby the nerve endings or the
plexus within the wall becanes paralyzed.

'l'he fact that

some of the cases of spontaneous rupture occur in the
insane might point to the possi bill ty of a central nervous influence.

Such a conception finds support in the

experiments of Braun and Seidel (89) who found that in
narcotized dogs eructation and vomiting failed to occur
even w'lien the vagus nerve was cut.

From these consider-

at ions, Glassman presumes that the stomach once cwerfilled by food which is capable of fermentation will
continue to di la. te due to the further accumulation of
gases and that fi m lly the limitation of the elasticity
is reached.
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On the other hand, many of the uerman authors such
as Kelling ( 88) feel that the elasticity may be effected
by the acute local changes within the stomach wall •

Distention interfers with the circulation and produces
ischemia and the nutrition of the wall suffers.

Several

of the cases rave a history of gastric rupture while attempting to vomit or during the act of vomiting.

The

site of rupture is often not specifically localized in
the reported cases; but as experiments have shown, it
is generally in the area of the lesser curvature.
Glassman (65), in addition to discussing the condition of spontaneous rupture, likes to set aside a se~
arate injury in which the rupture is due to a sight
trauma.

As a matter of fact, in many of the cases which

he collected, the trauma was slight and such as is encountered daily.

He prefers to include these under

.. simple trauma ·· if there is a history of such, no matter how slight.

The mechanism here is undoubtedly

somewhat allied to spontaneous ruptures.

He further

sets up two points which be feels should be considered:
first, whether the stomach is normal or diseased; and
second, the effect of distention.

There is slight in-

dication of the importance of a pre-existing pathological c orrl.i t ion in these cases.

However, it is self-

evident that very slight trauma may cause a -i:e rfore.tion
of a diseased stomach wijll.
are not so rare.

Reports of such incidents

Perforation of gastric ulcer after
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sligpt trauma often takes place, as discussed above in
an earlier r,aragraph.
Failure of the can tents of the stomach to pass
through the pylorus or ca.rdia at the moment of injury
certainly accounts for the fatal increase in tension
v.hich leads to rupture.

Glassman states that th:1s

is

due to the tonicity of these openings which is controlled by a nervous mechanism, and is not easily and
suddenly overcome.

The norma 1 tonic ity may be further

increased by cardiospasm or pylorospasm.

At the cardia

a passive valve closure ( Kelling), or at the pylorus,
an arterio-mesenteric obstruction (Albrecht), may take
place.

Busch states that angulations, fixations, or

pressure of a dilated duodenum may act in the same way.
The mechanism of rupture has been likened to a distended toy balloon which when sligptly filled wiill
withstand considerable trauma.; but when distended will
rupture very readily arrl with little trauma.

Bus ch (89)

draws attention to the factors of tonic and a.tonic
dilitation and concludes that rupture occurs most frequently in the first type.

Finally, Glassman warns

that we must not lose sight of the fact that what appears on the surface to be but a trivial injury may
really be of considerable degree.

It if is only kept

in mind that rupture of the stomach can occur with ap-
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parently little trauma, even though rarely, early diagnosis can be made and operation advised.

V.

TRAUMA IN THE ETIOLOGY OF PEPTIC ULCER.
No discussion of ga,stro-intestinal trauma can hope

to evade this immensely interesting and much debated subject of traumatogenic peptic ulcer.

In general it may

be said that the existence of true trauma tic pept le
ulcer was doubted for years, and is still doubted by
some.

The American literature up to recent times,has

failed to take notice of external trauma in its relationship to

~

ptic ulcer.

This, in spite of the fact

that Continental liturature, particularly the German
and the French, has for years been accumulating data
and illustrative cases on this subject.

American clin-

icians, through their failure to do more .than mention
the possibility of trauma, indicate their skepticism as
to \-.n ether an injury to the abdomen is ever severe
enough to be considered as an agency in the production
of peptic ulcer.
The extensive foreign literature OI?, this subject
was begun in 1856.

A comprehensive review of this 11 t-

era ture is contained in the 1930 edition of rlichard
Sterns text-book entitled "'Traumatische Entstehung Innerer Krankheiten 11 (90) •

.t'otain (91) in his l'aris
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thesis of 1856 first accurately described a case of
severe, direct abdominal injury which was followed by

a gastric ulcer of eight years continuous duration
wh ich he presented in the clinic of Cruveilhier.
Axenfeld (92) demonstrated the gross p~thology showing death from inanition, V<ih ich consisted of annular
2 x 5 cm. ulcer situated on the lesser curvature penetra.ting the pa.ncreas and caus i ng hour-glass contraction.

These distinguished authorities accepted origin

in trauma:
vis:

Foreign writers continued to report cases,

Boettcher (93) and Stern (94) in uermany, Matti-

son (95) in Sweden, Griffiths {97), Hurst (96), Stewart
(96), Elliott (99) and Henry ( 100) in En gland.

In this

country, credit is given to Crohn and Gerendasy (101)
for first bringlng trauma tic u l cer to t h e attention of
t he medical profession.

'l'he same year Eusterman and

Mayo ( 98} wrote on t his subject.
buted in 1934.

Gray (102) con tri-

The latest contributions are by Doctors

and Kellogg, 281 cases are reported by 124 writers from
1817 to 1939.

Of these, 15 are listed by them as cer-

tain, 77 as probable, (92 acce p ted 32.7%).

'l 'h e remainder,

189 (67.3%) are excluded because of insufficient data
,

or unjustified conclusions.
The trauma is rarely if ever slight; it is usually
severe, comprising falls, violent comp ression injuries,
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blows from falling objects, and direct injuries by man
or animal.

Crohn (101) stresses the fact that violence

need not necessarily be applied directly to the abdomen; acting along the principles of •contracoun', falls
upon the spine and buttocks may injure the posterior
wa.l 1 of the st an a.ch.

Cases of trauma depending upon

violent muscular contraction, as lifting weights, or
sudden herculean effo~t, can hardly escape cautious
criticism.

Although a gastric ulcer originating as a

result of a strong blunt force is theoretically admissable, most authors are agreed that the connection is
a rare one at least.

The uerman ~tate Insurance Office

( 105) in a decision handed do vvn on September 4, 1927,
went on record as denying any relation between trauma
and gastric ulcer.

Perforation of a gastric or duo-

dena 1 ulcer occurs as a rule without any external
force, according to Kessler (5); but may also result
fran a contusion of the abdomen, from a concussion of
the body, in a fall from a height, or from over-exertion.
Fowler {104) in his recent article has an excellent
discussion of the pathogenesis of the condition.

'l'he

cause of ulcer, in general, and the intimate mode of
origin are unknONn.

He states, hwwever, that there are

two underlying factors which operate in peptic ulcer,
upon which at least twelve potential, controversial
theories are based, i.e., the inherent ulcerating po-
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tentiality of acid pepsin and a natural defense
mechanism of these tissues (mucous, alkaline buffers
and cellular resistence) which prevents erosion by
t he acid chyme.

In the normal state these fcrces are

in balance and counteract one another.

No sitJ,gle, un-

changing, etiological factor exists which is invariably
the cause ofulcer, except the acid chyme.

When the

mechanism is direct, severe, blunt .force, apnlied to
the epigastriurn, what explanation can be evoked to explain its occurrence?

Just as with many of the other

lesions of the stomach, so it has been shown that the
site of predilectation in the case of gastric ulcer is
at the lesser curvature.

The duodenum is fixed, lies

deeply and would rot a p~ ar to be as vulnerable in the
collapsed condition.

Trauma.tic ulcer has develoP' d

more frequently when the stomach was full and when the
abdaninal wall was in a relaxed state.

'l'be force is

transmitted upward to the more fixed lesser curvature
which is compressed against the spinal column.

.b'owler

states that the nature of ' the violence is bursting.
Hemorrhage in the mucosa occurs with consequent impaired
circulation, loss of vitality and erosion.

'f he theory

is that contusions, fissures or incomplete lacerations
fai 1 to heal and eventuate in peptic ulcers.

When this

occurs, it is believed that neurogenic influences, ulcer
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diathesis or other predisposing factors operate.
hematoma may f orrn and break down.

A

An immediate or

delayed loss of substance results from imbalance of
natural defense mechanism, and excessive action of
gastric juice occurring at the height of digestion.
If conditions are not favorable for healing, ulcer
may P' rsist.
A better understanding Qf the possible pathology
behind these lesions has come about in recent work.
Both Crohn (11) and .!.' 'owler (104) have made extensive
studies into this matter.

It has been ·customary to

consider contusions, suffusions, hematomas, linear
fissures or incomplete lacerations as traumatic lesions
quite apart from a potential lesion of origin for gastric and duodenal ulcer.

Hausbrandt ( 106} has expressed

the opinion that if a traumatic ulcer is examined immediately, or within one or two weeks after injury, it
will be found to be different from the non-traumatic
peptic ulcer.

It is irregular with notched margins,

undermined borders and is otherwise a typical.

In his

particular case, an autopsy revealed a blood clot, the
size of the fist, with liquid blood in the stomach.
On the anterior surface of the stomach were found three
large and several small ulcers which were irregularly
distributed and had jagged edges.

'1'he mucosa projected

63

over these ulcers which had a blackish, brownish friable base.

Histological examination showed that they

extended into submucosa which was thickened 2½ times
its normal size by swelling, cellular infiltration and
small hematomas.

The bases of the ulcers were densely

infiltrated with leukocytes.

In one ulcer, three cross-

sections of an artery were seen to lead towards the
base with the wall de~sely infiltrated with leukocytes.
'1 he
1

lumen contained thromb'i rich in leukocytes.

The

bases of the two ulcers contained brown pigment.
The number of case histories, in which trauma is
mentioned preceding ulcer, development (7%) is very
small as compared with the very large numbers in which
no history of injury appears; in a large proportion of
these cas~s, no traumatic influence can be correlated
(5%).

'l'he true inc1dence is, therefore, ·about 2%.

Trauma, as a potential factor in ulcer production, is
mentioned by 13% of the authors.

The number of acute

ulcers, h01Never, resulting from a single, blunt traumatism unaccompanied with ·other severe co-existing injuries, is very small indeed, compared with the frequency of complete, traumatic laceration of the stomach and duodenum, (Fowler) (104).
Guy ( 107) admits that trauma may rarely fo nn the
foundation of an ulcer.

'l'he trauma held accountable
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may be severe, direct abdominal blunt force applied to
the epigastrium, direct head injury involving the parasympathetic cerebral centers or vegetative pathways,
causing primary acute ulcer; or indirectly through the
influence of psychic factors of traumatic neurosis causing activation of a trauma tic ulcer .

.B'owler states that

traumatic ulcers should not be confused with incomplete
lacerations.

'i'here is a natural tendency of experiment-

ally produced and operative wounds to heal .
tion is the marginal ulcer.

The excep-

Great tolerance of the

gastric mucosa to injury is exhibited in the case of
professional sword swallowers and in many cases of swallowed foreign bodies lying for long periods in the
stomach.
'Chere are certain animal exoo riments to whi ch
most writers refer, because of their reputed value
in establishing injuries as causes of ulcerations .
'l'he two authorities frequently quoted are Vanni( 71)
and Ritter (70). In all these experiments , a dog
was anesthetized and tied, abdomen upward , on a
table; a violent blow was dealt the abdomen wi th
a heavy stick or hammer. There was no difficulty
in producing lacerations and rupture of the stomach
under these exnerimental conditions, p~rticularly
when the experiment was carried out directly after
a full meal had been glven to the animals. Crohn ( 11)
in his recent article, takes issue with these
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experiments however, as to their worth. He states that
he can see little point in these experiments for true
ulcers were never seen in dogs, even when they were
allowed to survive for varying periods . He does 9ay
however, that when an injury is of sufficient force
to produce an ulcer, the uber may be refractory to
hea l ing, and eventually assume all the characteristics
of a typical, chronic, peptic ulcer. He quotes innumerable examples of this appearing in the foreign
literature - and now beginning to appear in the American
literature. Some of these cases were proved by
operation, or by autopsy , death resulting from some
intercurrent disease. All the more recent literature
0f this century contains repeated reports of traumatic
ulcer, based upon radiographic corroboration of the
existence of ulceration; these are, therefore to
be regarded as dependable .
Fowler ( 104) in his already much quoted article,
has compiled the records o:r all the more recent
authorities on peptic ulcers . It reveals several facts .
First the higher incidence of trauma in the foreign
groups, the vast number of cases studied, and the
strikingly small percentage of the incidence of trauma
even in the largest series.
I come now to the consideration of the effects of
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trauma on a pre-existing ulcer. Here one enters on
a very debatable field . That .the course of a true peptic
ulcer may be aggravated or lighted -up by. trauma is,
naturally , very difficult to prove,. Crohn (11) states
that hemorrhage from an indurated ulcer may be the

'

result of external trauma , for instance the passage
of a stomach tube, a blow from the leaded glove on
the hand of an incautious radiographer, or an injury
in the nature of a blow or fall . M:ost authors recognize
trauma as an aggravating or initi a ting cause of h emorrhage
frcm an ulcer. 'l'he inciting cause of perforation :ts
frequently regarded a s traumatic in origin. A blow,
a fall, violent exertion, or lifting of a heavy

weight :Ls often reported • .t'erfora. tion is more likely
to o6cur when the stomach is overdistended with food,
as pointed out before . '.L'he drinking ·or an excess of
carbonated water occasionally has led to nerforation.
Crohn cites two cases in which unusually violent
osteopathic and chiropractic treatment to the abdomen
have given rise to an ulcer perforation.
Many patients have claimed that an ulcer of long
duration has been quiescent and almost completely
symptomless for years until trauma ha s activated it.
'l'he answer to this que stion can be given by many
patients with chronic peptic ulcers who will report
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tha t bending excercises ivolving contraction of t h e
abdominal muscles a gg r avate their symptoms of ulcer.
Alvarez (108) called attention ~o this and stated
tha t it was often ha rd enough for a man with an ulcer
'
to stay
we ll when he could sit at a desk all day,

and h e wonders how a lab orer with t he disease ever
'

gets well. Fe empha sized that severe exertion or
contraction of t h e ab dominal muscles can produce
h ematemasis in patients with peptic ulcers, and
re uor t ed a typical example. If exertion can make an
ulcer bleed it must have aggravated it. And if exertion
can do this, certainly epigastric violence may do so.
t.ruy (1U7J has asked the question: when aggravation
does occur, when can it be expected to stop? It
obvio u sly may l ead to severe, even fatal hemorrhage,
or to perforation, the two gr eatest dangers of peptic
ulcer, according to Crohn. nhus a review of the literature found there seems to be almost unanimity of
opinion on the subject tha t externa l violence can and
does frequently a ggr avate pre-ex isting or quiescent
ulcer, and it is certain ly becoming more accepted all
t he time tha t occasionally trauma can actually
produce peptic ulcer.
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VI.

TRAlll1A'l.'IC iliSIONS OF THE SMALL I NTESTINE.

'l'he intestine, because of its posit-ton, directly
behind the abdominal wall and covering the other
abdominal organs, is exposed to the effects of injuries
to the abdomen. Intestj_nal pe rforat ion without a.ny
external signs of injuries has frequently been noted.
Although the intestine like the stomach can easily
be displaced when it is empty and so escape injury,
it is rare that there is not some gas or food in it.
As a rule ordinary contusion causes only minor
lesions of the mucous membrane of the intestine.
The prognosis of these small lesions is good. Even
minute openings in the whole wall may heal . If there
is an escape of intestinal contents, this may become
encapsulated and recovery thus take Place. Sometimes,
however , a strong wave of peristalsis .may produce
a perforation of a small healing wound and CR.Use

an acute peritonitis. A typhoid or tuberculous ulcer
may also be perfora ted by trauma. In addition to
abdominal contusions, injuries and perforation of the
intestine may be caused by fracture of ribs, vertebrae,
and the pelvis , the sharp fragments piercing the
intestinal wall. Golebiewski (109) reports that
foreign bodies that have been swallowed, such as nails
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or glass, may also produce the same condition.
The sites most vulnerable for rupture are those
of the greatest fixation of the intestine, such as the
junction of the second and third portions of the
duodenum, the ligament of Treitz, a.nd the splenic
flexure of the colon as well . In these locations the
ITobility of the adjacent intestine allows it to
give before the offending force, tearing it partially
or completely from the fixed portion which cannot
yield in simila.r fashion. However , any portion may
be pinched against the vertebral column, producing
lacerations, or it may be torn from its mesentery,
producing ischemia and eventually gangrene . It is also
possible that the mesenteric vessels may be damaged
and thus destroy the blood supnly with the same effect.
Such injuries may be either single or multiple.
Wounds of the small intestine fortunately constitute the main bulk of the abdominal injuries, and,
if they are operated on rapidly, there is a better
chance of recovery, for, following the injury the
bowel is temporarily paralyzed so that escape of
fecal contents is not so frequent as in the case of
wounds of the stoma.ch and large intestine where
continuous leakage occurs.
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As already stated, these wounds are frequently
multiple and owing to the movements of the bowel may
be found out of the direct line of such things a s
p~ojectiles and other things which cause them.
In every case the mucous membrane is everted, and in
many minute wounds this may serve to close the orifice
temporarily. Where not more than half the lumen is
destroyed closure of the wound can be carried out
with snfety. All of these facts have been substantiated by the work and writings of ti~ i tchiner ( 110).
He also emphasizes the point that in all cases of
trauma in which there is also mesenteric damage,
and esnecially near its root, c a re must be taken to
ascertain first, that pe·ristalsis is conducted over

the damaged segment of bowel, and second, that Rfter
pressure its blood supply is re-established. If
neither of th~se signs is present the bowel must be
resected, but he warns that it must be realized that
the mortality of resection ls a bout double that of
repair~
Frost (111) in 1937 brought out an article
related especially to traumatic lesions of the duodenum.

He states that the liver , colon, transverse mesocolon,
mesenteric root and lower thoracic wall afford protection
to the duodenum adequate to nrevent rupture by blunt
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violence except in rare cas e s. A blow of great force
only succeeds in its rupture, he concludes, especially
if the victim has a well developed abdominal mus cul· ature, as in male atheletes who are subject to severe
abd om ina l injuries. These furnish a great many of the
case s on record.
Tempsky (112) discussed the etiology and me chanism
of duodenal rupture, favored by its close fixation to
the spine. He distinguished between rupture due to
squeezing and that due to direct laceration, and
emphasized the difference between intraperitonea l
and extraperitoneal perforation.
Martin has presented one of the best classifications
of injuries to the duodenum. He classifies them as follows:
A. According to their degree, as
1. A simpie burst
2. A complete avulsion
3 . An incomplete rupture;
B. According to frequency, rupture of the t h ird,
second, and first portions of the duodenum;
C. According to trauma as,
1. Contusion, whi ch is favored by the fixity
of the duodenum, its fluid content, and the
possible incomplete closure of the pyloric
snhincter at the time of injury;
2. Tearing: the middle being fixed and the
ends movable, the mucosa having most resistence
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owing to its folds;
3. Compression, whereby the duodenum ls
pressed against the spinal column, the muscularis and mucosa rupturing first owing to their
richness in vessels and poverty in elastic fibres;
4. rinch ing of the du odenum between the costal
margin and spine.
He states that the latter t wo mechanisms are the most
common .
Statistics vary considerably as to frequency of
subcutaneous duodenal rupture following abdomina l injury.
Tschistosserdoff (114) in 1912 reported 52 cases of
subcutaneous rupture in the intestinal tract , only
one, or two per cent of which was in the duodenum, and
this at the duodeno-jejunal junction. Petry (64) in
1896 esti~ a ted that five per cent of such injuries
are in the duodenum . VanHook and Kanaval (115) quote
Chavasse as noting seven duodenal ruptures in 140
cases, or five per cent and Voswinckel as finding
two in 14 cases of abdominal injury , or 15 per cent.
In 1907 Hertle 1 s (116) estimate was 10 per cent.
Although presumably an unusual traumatic lesion,
Furtwangler (117J in 1921 gathered 118 cas es. Undoubtedly many cases have been overlooked , Fros t believes,
wr,en death has followed abdominal in jury and a thol'.'ough
autopsy not done.
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Difficulty in diagnosis has been empha Rized by
seveml of these authors, Early diagnosis and oneration
are imperative if the life of the patient is to be
saved. Intraperitoneal ruptures of the duodenum
produce a primary peritonitis with all of its symptoms.
On the contrary, extraperitoneal ruptures cause an
effusion into the retroperitone Rl tissues and may
produce tenderness, etc . in the right loin. In this case
evidences of peritonitis may be absent in the early
stages, developing later due to extension of infection,
as discussed by Meerwein (118); or possibly through
physical activity, which increases the size of the
perforation or the amount of leakage from it as in a
case described by Sereghy (119). Frost makes the olea,
in cases of abdominal injury, to remember the possibility
of duodenal rupture and the advisability of an examination of this nortion of the int astinal tract,
particularly if injuries elsewhere are not found.
Any hematoma, localized edema, · discoloration, or other
evidence of duodenal abnormality should be investigated,

as these may be the only intra- abdominal evidences of
a retroper~toneal tear.

Haim (120) has said that any sudden contraction of
the abdominal cavity, whether due to violence or even
to muscula r action, will cause a rise of pressure
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inside the intestine and that bursting will occur
where the wall is weakest. The presence of a h e rnial
sa c always aids in the production of this lesion, as
the coverings of the sac are too we a k to support
the intestinal wall against the explosive force
within its lwnen. Another important result of hern:i.a
occurs when the gut becomes strangulated or as a
result of incarceration. Wangensteen (121) feels
that traumatic stricture of the bowel may occur as
a result of this. He states that trallI!1atic strtcture
of the bo we 1 is very infreque YJ.t . Occlusion due to
the fonnation of a stricture has been renorted after
blunt trauma to the abdominal wall. The usual circumstance in such instances is severence of the rnesentery
to a short segment of the intestine, which accident
is survived . Subsequently cic atrization of the intestinal wall occurs and stenosis supervenes.
One of the most important traumatic lesions
during a time of w11r is the bla.st lesion . This produce s
its greatest effect on the

respiratory _system.

However there are certain affects on the intestine
that occur in many cases simultaneously with those in
the lungs. The injury usually shows no external
evidence of damage and as such is considered under the
general grouping of subcutaneous injuries to the intestine.
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The detonation of a high explosive bomb gives
rise to certain disturbances in the surrounding air
which are known as "blast". These disturbances may be
divided into t wo phases first the r e latively short
and sharp phase of positive compression, and second,
the longer phase of rarefaction which follows the

initial wave of compression. The most recent work
carried out in England during 1942 has tended to show
that most of the resulting damage from blast occurs
during the second phase in which there is crea t ed a
negative pressure which causes the organs to be torn.
This produces lacerations of a multiple nature in
the bowe l and the damage may sometimes be manifested
by melena according to Zuckerman (83). However Williams
( 122) states that internal blast i nj ury wl thout
external markings of violence is rare. In his personal
experience he had knowledge of only four such cases in
roughly 1500 casualties. In practically every case there
will be a coexisting wound of some kind

or some

other condition due to crushing, asphyxia, and so on.
Nhen dealing with blast to the abdomen, a varied
pi cture is possible. He states that there may be gross
trauma to the hollow or solid viscera, and on the other
hand, the abdominal lesions may be of such small
importnace that complete recovery in the course of a
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day or two will be observed. In .one of ',villiams
cases, about seven feet of the jejunum showed blast
effects, the peritoneal coat being torn also~ About
twelve feet from the duodeno-jejunal junction the
small intestine was completely torn across and the
omentwn lacerated into shreds. A large retroperitoneal
hems. toma was discovered on the 1e·f t side of the abdomen,
and in two places the ueritoneum covering the posterior
abdomi_nal wall was extensively split . This case give s
some idea of the extent ofinjury which may be expected
in severe cases of blast.
The next large group of intestinal injuries are
those which are of a penetra ting na ture. These wounds
may be particularly serious because of the i mplantat ion
in them - of foreign substan?es, such as shoe leather,
,-l

clothing or stable di~t. Besides , the anaerobi c
conditions of such -wounds naturally varies with .the
appearance of the wound, its location and the circumstances under which it occurred. These injuries are
caused by hard objects, such as bullets, knives, tools,
splinters, falling stone edges, etc. The extent of the
damage to the bowel of course is variable, but the
type of injury produced by any one of these objects
may be very much the s rune.
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A certain number of the visceral lesions resulting
from wounds of the abdomen may heal spontaneously.
It is regards the small intestine that the fact is
most contested. The min~te perfora t i ons may heal themselves . Abadie (81) states that it does so by the triple
effect of its oblique passage, the mucous stopper,
a.nd the adhesions. The oblique pass a ge t h rough the
wall , he says, prevents the super-position of the
different planes perfora ted; the oblitera tion is effected
by gliding . The mu cous stopper prevents the issue of
the septic inte s tinal contents; its role is still
essentially mechanical. The adhesions , facilit at ed,
besides by the seotic qua lities of the mucous stopper,
which give rise to a defensive reaction all around it,
rap i dly unite t h e injured coi 1 to the viscera., to the
gut and to the nei ghboring parietal peritoneum.
The repar a tion of the orifice is gradually accomplished,
and the a dhesions disappear. I<' ina l l y the recover
is complete. Abadie cautions, however , that such a
fortunate circumstance does not often occur. To begin
with, it is rare to meet with small perforations ,
and it is still r are r to find them 1solated. Therefore
he concludes it is rare for wounds of the small
intestine to he a l by abstention.

....
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There a re next those lesions that cannot possibly
be repaired spontaneo usly . In this connection the trauma
is dominated by the nature, the form, the weight and
the dimension of the perforating objects. Among the
- small pro-j-ectiles, bullets arriving from a short
distance cause wide perforations, detachments, and
even explosive lesions. The contused and irregular
wounds, with ragged edges, are doubly formidable;
. they bleed, and they have a deulorable tendency to
marginal necrosis. Besides , thes~ projectiles, are
alw~ys contaminated and carry with them fragments of
clothing which are particularly septic (Abadie).
In the small intestine lesi ons of every degree
are met with, from perforation to detachment

and

bursting. Abadie states that the multiplicity and the
suProundings of the perforati r.ns comprise the vitality
of the whole segment of the co il; the same haupens
with the perforations of the mesentery level with the
coil, whether the later is involved or not. A more
serious lesion is incomplete section, transverse or
oblique; in this case the edges of the wound separate.
It is in vane that the lining forms a little margina l
pad - the wolIDd remains gaping . Complete section
reaches as far as the mesentery , itself most often
inv olved to a variable depth.
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Penetrating injuries of the intestine are
produced by still another cause. Shotgun injuries have
become quite common, and several accounts of these
~ccidents are reported in the literature recently.
If the shot pen~tratlng the gut is large, the hole
made by it is large and the everted mucosa pouts through
the onening automatically. ~hus Bunch (123) finds that
the wound is kept open and the probability of spontaneous
healing , as discussed above, is prevented. A shot,
if it passes longitudinally through the gut wall, may
slit it for an inch or more . If the shot penetrating
the intestine is small , the opening made by it may
be so small that the mucosa does not pout thr ou gh the
se.rosa. Such a. • wound , described by Bunch, appears as an
elongated nink dot or dash on the gut wall . In this
case the edges fall t ogether in proper apposition and
heal readily without surgical help if the gut is
kept at rest. In the case of many shotgun wounds that
Bunch has seen, he states that owing to the number of
missles penetrating the abdomen , and the vascularity
of the viscera, internal hemorrhage is apt to be free.
Multiple hema toma.s form in the mesnete ry, making
part:icular·ly difficult the recognition of the gut injury.
He presents the report of a case in which the operation
lasted we ll over an hour, and in which over 100
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perforations of the bowel were sutured.
Willis (124) emphasizes the importance of the
type of shell used when these injuries are produced.
He states that at any range the pattern of the area
involved is modified by the length of the barrel and
by its choked or open state . Without changes of range
or load, the degree of penetration is determined by
the size of the shot and by the number of wads between
.it and the powder . He points out that lead shot makes
a much more .ragged wound than does the modern, and
n ow almost universally used chilled shot, whi ch retains
its outline unless it strikes a hard substance and ,
therefore, has greater penetrating power. On examination

of

the intestinal wall at operatton, Willis

found small hemorrhagic dots and dashes, representing
perforations at right angles and on the slant;
subserous hemorrhage was also found in the bowel wall ,
and frank hemorrhage in the 1 me sent ery .

_

One pistol bullet may make 10-12 perforations
of the small bowel; if many bird sh ot enter the abdomen
and penetrate the intestines, these.perforations may
be le gion. As Willis (124) has pointed out, since
the intestines with small wounds unlike bullet wounds
show no nouching of the mucosa, there is da nger of
milking the germs through them and inducing peritonitis
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I

by handling. He concludes that one cannot find every
perforation without doing serious damage while looking
for them. Therefore he is opposed · to any ope rative
intervention in most of these cas e s in which there is
not massive involvement. Both Bolton (125) and Demara
(126) h~ve also reported cases in which the scattered
shotgun wcunds of the intestine were tre~ ted without
opePation successfully.
An interesting and meagerly discussed group of

injuries to the small i n testine result from the
presence in the gut of foreign bodies that have been
swallowed. It is impossible to determine the proportion of cases in which perforation by foreign
bodies that have been swallowed occurs, relative to
the w~ole number of those persons wh o have t aken them
into the stomach and intestine. This is so because the
number of tho-se through wbose gastro-intestinal tract
they pass without injury and whose cases, therefore,
are not published is d oubtless far in excess of those
whose casg s have been reported. In the reported cases
of foreign bodies ingested, perforation has occurred
in about ei gh t per cent, according to Watson ( 127).
Watson states that one point wo rthy of being noted
is: that perforation has taken place in the bowel in a
few ins tanc·es after the foreign body has pas s·ed through
and out of t he gastro-intestinal tract, seemingly
without having inflicted any injury. In these cases
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he believes the subsequent perforations have been
produced as the result of an ulcerative process set
up by the foreign body during its stay in the body,
some point in vvhich has thereby become weakened and
finally given way .
One of the factors determining the detention of
foreign bodies in the intestine and in a certain
I

number of cases perforation, is the existence 'of
certain narrowings, or constrictions in it. The
more frequent causes of these are the results of
tuberculous disease, syphilis and kinks of the bowel.
The most frequent site of perforation, according to
I

'V a tson, is in or ne a r the right iliac fos sa. In a
considerable number, pe_rfora. tions take olace in the
cecum

and in the

small intestine near the ilio-

cecal valve. Another favorite site of lodgement and
sometimes of perforation, is near the anus. In a
few cases of ·this kind fatal phlegrnon around the rectum
has been produced following perfora tion at this point.
Watson (127) rep 0rts that an intere sting and
important feature of the cases of perforation of the
intestine by foreign b odies that have been swallowed
is that in a nwnber of cases the area of the peritoneum
immediately a.bout the site of the perforation is
alren dy walled off by an adhesive process before the
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foreign body actually penetrates the wall of the
intestine. It is because of this fact, he states, that
the riumber of fatal results from perforation of this
sort is s'o small. This may be estimated from a series
of 82 cases "collected
by Wolfler (128) in which
J
but eight deaths occurred. 'l'he C(~ urse observed in the
majority of these cases is that which is seen in Watson's
own series; that is to say,, the clinical picture is
presented of a circumscribed peritonitis of varying
degrees of intensity. In a co ns iderable number of
cases there is formed an intra-abdominal abscess,
and a good many of these make their way to the surfa ce
of the abdomen and are snontaneously evacuated there.
The foreign body is usually evacuated with the contents
of the abscess. In some instances it is retained and
an operation is required for its removal. The two
points which have been especially intere s ting to vfatson
are first, the difficulty that may be offered to
making a correct diagnosis, which is due to the absence
of info rma ti an of a foreign body having been swallowed,
and second, the seeming injustice displayed by the
unequal distribution of the immunity to injury that
is exhibited by certain persons.
This last point is made more obvious fran the
figures of Siddons (129}. In 107 of 126 cases of swallowed
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objects at three of_ the l 'l rger hospi ~als in London
in 1939, the foreign bodies were passed naturally,
and in four only did perforation or obstruction
occur., The · other 13 were removed. These figures are
' comparable ·to those of Henderson and Ga ston (130)
in 1938. They fcund nine perforations in about 800
,

I

cases. ~iddons {129) feels that objects should be
given a chan~e to pass in most cas es . Nearly all blunt
objects pass naturally and should be given from 4-6
weeks. He does not agree with the recommendation to
give bulky foods, as they may hasten obstruction
and even in the ca se of sh Arp objects do not serve a
usefu1 purpose. He advises an ordinary diet and no
purgatives.
All kinds of foreign bodies have been found to
cause perforations in the intestine. 111atson lists
the foreign bodies folmd in his six cases as follows:
a wooden toothpick, a needle such as used in sewing

canvas, a fish-bone, a bristle, a flat thin bit of bone
with a sha rp edge, a body of inknown nature, having
the shape of a bit of lead pencil, and about one and
a half inches long. In his series the site of perfora. tion

was located in three of the c ases . They were : in the
upper part of the jejunum, in the small intestine ne a r
the ileo-cecal va lve, and in the transverse colon
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midway in its course. In t wo of the remaining three
they were presumably high up in the intestianl tract
or in the stomach, and in one of them in the small
intestine near the ileo-cecal valve.
Meckles diverticulurn has become well recognized
as a cause of va rious surgical lesions. It may
cause intestinal obstruction, intussusception and

'

volvulus; it h a pbors foreign bodies as does the appendix,
and may be the se a t of acute inflammation and pe rforation.
Its pathology is closely analogous to that of the
appendix.
Stern (94) collected records of 15 cases of
acute perforation in 1917 and added two of his own.

Among the f oreign bodies found are caproliths,
apple seeds, cherry stones, .needle , Mu rphy button,
fish-bones, orange peel, ascarides and threadworms.
In most of the cases these are usually incidental and
are seldom the direct cause for perforation . However
in at least two of these cases the actual perfora tion
was due to the laceration of the normal gut wall.
Hagler ( 131) has ' added two cases of intestinal perforation which were due to fish-bones. Few other cases
have been reported in the literature in whi ch perfora ti on directly resulted from the action of foreign
bodies in the intestine.
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VII.

TRAUMATIC LESIONS OF THE CECUM: AND TRAUMA IN
THE ETIOI.DGY OF APPENDICITIS.
Very little has been reported concerning traumat~c

lesions of the cecum. Spe cific ~rticles or case reports
a.re practica~ly non-existent. The few cases which are
reported usually are included with lesions occurring
in the entire large intestine. 1'"or this reason very
little can be said regarding this region of the
gastro -intestinal tract. Hy far the most imnortant
lesion occurring in this region is the result of
foreign bodies . r he European literature includes a
0

few interesting cases. Caeiro (132) reported a case
in which ileoceco-a.ppendicular resection was necessary
as a result of the formation of an imflamrnatory tumor
which developed as a result of trauma from foreign
bodies which passed through that region. Chaton (133)
describes an interesting case in which a brooch was
swallowed by an eleven month old onfant. This later
localized in a cecal inguino-scrotal hernia, and it
became necessa ry to later extract this object by means
of an apnendectomy . There is also one case reported
by Opris (134) in which a gunshot nroduced a perforation
of the cecum and also fractured the ileum.

'l1he

oatient

recovered only after careful operation and drainage.
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Ingested foreign bodies do not often perforate
the intestin al tract. Am~ng t hose that do , the fishbone is perhaps the commonst offender,. The clinic al
picture prese n ted by these cases is usually inte'rpreted
in terms o f a common inflammat ory lesi.on of some part
of the abdomen and the true condition t s not suspected
until it is revealed by laparotomy. In t h is country,

ry (135) reported a case resulting from perforation
due to a fish-bone . Th e patient had had pain in the
right lowe r quadrant for two wee.ks; it was never
more than a dull tyne of' pain. iihen be entered the
hospital he presented the typical picture of acute
appendicitis with generalized tenderness over the right
lower quadrant. At operation, h owever, the omentum
and cecum were found adherent to the anterior and
lateral abdomina l wa lls and the cecum could not be
delivered into the wound. A fibrous cord about onefourth of an inch in diameter was found running
ac ross the base of the cecum which was thought to be
the aopendlx but further dissection revealed it to
be the ri ght ob l iterated umbilical artery . An area of

induration was f o und near the ileo -cecal junction
which felt aJmost like C8rtila ge. In separating this
area a ftsh-bone wa s found perforating the cecum.
'r his case serves to demonstrate the chief difficulty
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in diagnosing lesions in the cecum. Appendicial
lesions are of course much more likely and the clinical
picture will in most cas es be almost identical. unly
surgical intervention following a likely history will
reveal the true condition.
one of the most contraversial subjects regarding
trauma.tic lesions in recent ye nrs, has been the question
of t he imoorta nee of trauma in the etiology of appendicitis. furely from the standpoint of incidence, acute
appendicitis , because of its i'requency , is probably the
most import ant disease of the intestine. Its relationship to inj ury is therefore, exceedingly important.
In attempt ing to evaluate the role of trauma in its
causation, the rupture of a normal appendix, due to
a direct bruise , or l a cerati.on, or to a sudden increase
in nressure within its lumen must be differentiated from
the usual acute inflammatory disease of the organ,
with subsequent rupture or perrora t:ton. No general
criteria can be given for this differentiation; each
case must be decided on its own merits, on the basis
of the his t ory and the individual Pathological
changes revealed at opera.ti en or autopsy .
'l'he incidence of re levent trauma on acute appendicitis has been very difficult to determine , due to the
flilct that the patlents are usually too ill to give
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a reliable history. However , Leval (136) in a series
of 1054 cases, in which this point was carefully
. investigated,· was able to find but nine cases with
such a traumatic history. The tynes of trauma
found were: a dull blow against the lower abdanen ,
three times; fall from an unknown height twice; overstrain from lifting a weight, three times; and stenping
on the abdomen , once. Careful inquiry relative to the
trauma revealed that the weights lifted were not
unusually heavy for the indi vidua.l affected; the falls
had no immediate consequences; and , in every case,
the patients continued to work after the occurrance
of the trauma. Levai concluded that a normal anoendix
does not become inf 19.med as a result of an injury,
but that a previously diseased organ may be activated
to acute disease. This extreme view, however , is not
concuITed in by the majority of authorieis . ~hat an
isolB ted injury may result in direct perforation of a
healthy appendix has been demonstra ted with certainty
in seve ra. l case s .
The me chanis m or modus operandi in traumatic
appendicitis may be classlfied into inflammatory and
obstructive. 'l'he abdomina 1 cavity and digestive tract
are,

✓for

all practical purposes, a closed snace within

a closed space and they are both governed by and respond
to the laws of force , nressure and displacement of

·-
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liquids and 8J3 ses. Normally the variations in this
intra-abdominal and intra-inte s tinal pressure are
porgressive and moder qte in degree with the elenents
of accomodati an functioning without disturbance.
The appendix by its anatomical position is neither
protected nor predisposing to local trauma, while
variations in its exact location, attachnent, adhesions,
kinks , size, potency, pathology , to a considerable
degree do affect its reaction to trauma whether
applied directly or indirectly (Shutkin 137). The
force and direction of the blow , character of instrument
~

and the develooment of the a bdominal wall are all
contingent factors . To facilitate the visualization
of the

p=i.

tho logy occurri'ng when vlolent force and

pressure are aoplied to the abdomen affecting prtncipally the appendix, Shutkin and 'Hetzler have outlined
a brief classification:
A. Sudden change in the intra-abdominal and intraintestinal pressure causing an acute overdistention
of the anpendix with material forced out of the suddenly
distended cecum. 'rhis rapid overstretching of the
walls of the anpendix ca n nroduce minute mucosal abrasions;
with secondary infect:t:on , the entire anpendictal wall
may be involved in inflammation. This phenomenon of
exaggerated distensibility may so impair the appendiceal
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circulation as to result in necrosi s of the wall;
for tissues deprived of t h eir b l ood supp l y use up
all their oxygen, and wit h out oxy ge n , an,o xemia and
death to tiss u e occ u rs.
'

B. Fecal concretions, foreign bodies, strictures,
adhesions partially obstructing the a opendix, causing
no symptoms until trauma anpears, may react in the
following manner:
(1) Impacti o n of the body, by changes in

intraintestinal pressure firmly and ti ghtly
with in the appendiceal lumen, r esults in the
ch a racteristic h ydra ulic vicious circle of
Van Zwalenburg (138). Kinks, strictures, etc.,
also now retard d~ain~ge.
(2) Or the body may be forcibly driven through
the appendiceal wa ll a t the point of contact where
erosi on and low g rade pressure necrosis existed.
C. Local lacerations especially in the t h in
individuals and where the anpendix is compressed
against the iliac bone, can occur; with secondary
b acterial inv a sion of the macera t ed tissues, an acute
anpendicitis can result. It is not uncornmon for severe
abdominal blows to lacerate the bowel, and these can
similarly affect the appendix.
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D. If the force is sufficient the rupture of the
a npend ix wit h ~eaka ge occurs.
Van Buren (139) experimenting on dogs, found that
inc re a s ed in trainte stinal pressure caused . pres sure
hemovrhage at the antimesenteric surface of the intestine.
Re obse rved the condition clinically only in cases
of mechanic a l ileus and reported perforation on the
an timesenteri c surface of the intestine, usually
quite close to the point of obstruction. The necrotic
area corresponds rou ghly to the tenninal anastomotic
t ree of the intestinal . vessels, and is evidently the
result' of an ' hemorrhagic infarct· of the area supplied.
This necrosis is us nally evident first in the submucosa
and inner muscular coat, but it rapidly extends to the
other coats of the inte s tinal wall , and perforation
may occur within t wen ty-four hours af ter the discolora tion
is first noticed.
Fowler (104) believes tha t there should be a
strict criteria demanding actual proof of direct
trauma to the anpendix to meet the requirements of
prima ry traumatic anpendicitis. He does not feel that
t hat 1e sion resulting from indirec t mec ha nism s hould
be included in this class - i.e. t he expulsion of cecal
, contents into the normal aripendix, t he result of a
direct blow on the a bdanen. He states that one never

93

knows the actual condition of the annendix prior to
injury. This particular mechanism may apply to an
anpendix already diseased. It is for this reason that
he feels that one sbonld speak of primary traumatic
appendicitis only with the greatest caution and reserve.
If the trauma merely reactivates an already crippled
appendix, it cannot be held to be the primary cause
of the disease. Thus he concludes that an injury
precipitating a recurrent attack or arousing a dormant
lesion is not the essential cause of the disease.
On the other hand Ludington (140) favors fecal
stasis as the main cause of appendicitis following
trauma to the abdominal wall. He cannot accept the
postulate of Fowler that in order to prove a case of
traumatic appendicitis one must be able to demonstrate
at operation true traurr~ tic lesions of the appendix.
He feeis that even th ough such traumatic lesions
were present the advan cing inflammation would soon

mask them to the degree that they could not be
recognizable . at the time of operation and that the
pathological alterations present would the refore not
differ from other cases of acute anpendicitis.
Osler (14l) has stated in his "Practise of Medicine 11
that

11

trauma plays a very definite role, a_-nd in a number

of cases the symptoms h a ve followed very closely
a fall or a blow.
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Liniger (142) believes that a direct and severe
contusion of the abdomen may injure a healthy appendix
a,nd initiate appendicitis. He does not believe that
a physical exertion such as lifting could be a cause.
..Yilhelm (143) feels that it is more difficult to deny
the relati o nship than to affirm it and cites two cas e s
to support his opinio-n. The first case was that of a
chauffer, age twenty-five years, who was injured in
an automobile accident. Six months later he developed
an · atta ck of acute an~endicitis. At operation, a
hematoma about the size of a lemon was found and within
it a ga ngr~nrus annendix. Wilhelm concludes that this
condition was related to the injury six months
previously. The second case was that of a boy fifteen
who was struck in the abdomen. Five days l ate r at
operation, he showed a difinte hemorrhagic appendix.
A large group of authors , although reluctant to
admit that trauma can cause an appendicitis in a
healthy apnendix, they are firmly convinced of such an
influence in the presence of preexisting pathology.
This position is based

on a mechanical concept of

nathogenesis emphasized by Ludington (140) previously.
Heretofore traumati c aggravation of a preexisting
chronic appendicitis has been explained by direct
traum2 tization of the a,pendix or its mesentery .
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The newer theory holds that the mechanism is that of
overdistention of the lumen of the appendix as I have
discussed earlier .
Bissell (144) believes that acute annendicitis
can be caused by forcing a fecalith to impinge tightly
in the lumen of the appendix with resulting infarction
and necrosis . In 50 cases of so-c a lled traumatic
appendicitis Kelly (145) found a history of antedating appendiceal disease . Goldbeck (146) as far
back as 1830 reported a perforation of a gangrenous
anoondix coming on eight days after a fall from a wagon .
Burgess (147) reports the case of a tunnel worker who ,
for a per±od of two weeks priori- to' the onset of
symptoms, had been using a nneuma tic drill, the butt
of which rested in his right iliac fossa. While drilling
he suddenly developed a pain in his ri ght lower
quadrant which douTuled him up. At operation the appendix
was found runtured and the tip amoutated .
The relationship between trauma and anpendicitis
is rejected by a third group large l y on statistical
grounds . They hold that the occurrence of anpendicitis
follONing injury is purely coincidental. Fowler (104)
compiled the findings of nineteen investigators . Of
13,496 cases of appendicitis reported, there were only
48 or .3 per cent in which a hi story of injury was noted .
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One thousand cases of anue11dicitis studled
by Kessler ( 148) failed to disclose a slngle hi..story
of injury. There were only three cases in whi ch
symptoms occurred just before or during the co urse of
work, yet in none w~s there any definite history of
trauma.It is the exnerience of every general surgeon
that workmen are inclined to ascribe their symntoms
to their ,·or'k, wh ich is not t o wondered at since in
daily occupati..ons numerous small traumata occur.
F or tr..is reason the histories in cases of alleged
traumatic appendicitis must · be analyzed very critically.
Thus in summary, the distention of the sumen of
the anpendix with subsequent impairment of the apnendiceal circulation and necrosis of the wall of the
aupendix is a logical explanatlon for annendicltis,
but one whose validity is not substantiated by a
sufficient number of cases. One would certainly expect
a larger incidence in the general nopula ti on. One
would furthermore anticipate a higher inc1.dence in
those occua:i. t;_ons whe re abdominal injuries and strain
are frequent. Although there have been no factual studies
of the occupattonal incidence of a~pendicitis, it has
been Kessler's impression from the examination · of a
number of ~njured workers that labor,e r,e who exert
a gre a t deal of back and abdominal strain, manifest
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very little, if any, appendicitis. The same holds true
of others wh o are subject to sevet'e external. trauma,
as prize-fighters.
~he~e as been no proof to indicate tha t the
phenomena of exaggerated distensibility of the annendix
cannot occur by natural means. Ray (149) describes
two features of the anatomy of the appendix that
predispose to inflammation: it is a narrow blind
sac exposed to a stream of fec a 1 matte r with a high
bacterial content; its lymphatic character renders it
es oecia lly susceptible to inflammation similar to the
reaction of other lymphatic tissues in the body.
It is not difficult to uDe.rstand therefore, how natural
peristaltic movements may produce increased flow of
the nornial fecal stream to and from the annendix.
The obstruct i on of this ma terial may impair the apoend-

iceal circulation, producing passive congesti.on
of the wall , VP- scular thrombosis wi th gangrene and
perfor ation without the intervention of trauma ( Kessle r).
Kessler concludes that the relationship between
trauma and aggri=tvation of a npendicl tis should be
accepted onl y when it satisfies the following criteria:
1. The injury must

have been severe enough to

cause at least a temporary cessation from work.
2 . rrhe nature and location of the injury must
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have been such as could affect the appendix .
3 . The symntoms of annendicitis must follow the
in,iury di rec t1y .
4 . In case of death the autonsy should show t hat
the annendix through its abnormal position and
condition , c0u ld h ave been influenced by the injury .

VIII.

TRAUMAT IC LESPlN S OF THE LARUE I N?EST I NE.
TraUma is a rel a tively unimportant factor in the

causation

of' disease of the colon proper . Stern ( 9 0 )

claims never to have seen or heard of a case of colonic
disease directly attributed to a single trauma .
Erdmann ( 150 ) likewise disc l aims any etiological
relationship between trauma and the formation of
co l onic diverticula . Perforation of pre - existing
diverticula may oacur as a result of trauma . Abadie {8 1)
in compa ring . the healing ability of wounds of the s~ all

intestine with that of the l arge intestine , states
that wh e reas it is a rare thing to have lesions of
the small bowel heal snontaneously it is quite a
different matter with the large bowel , .,or more
precisely with the vertical portions of the large
bowel. It is only sli ght ly mobile; hence n o collecti on
of infection; greater fa c ility for t h e work of ad hesions;
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and the relative frequency of tangenital wounds.
Again it has no circumvolutions - thus only one or
two perforations are met with . Being near the parieties,
it can easily attach itself to t ~em , either to limit
by adhesions a stercoral cellulitis or to send
outward its own perforation as a hernia; or to
establish at the first onset free communication
with the ext erior, the true artificial anus which
in its resul ts a J. lows of the easy escape of feces
and gas.; and the peritoneal cavity rerr ains free.
Lastly, he potnts out, that the contents of the
large intestine are less liquid that those of the
. small intestine.
Wounds of the large intestine are usually
jagged te a rs with bruised edges . This is confit'med
by the work of Mitchiner (110). In the case of the
ascending and descending colon and rectum the wounds are
often extraperitoneal, in which case laceration is
pres ,::m t and in the ea rly stages the fact that the
bowel is runtured may not be detected, with the result
that cellulitis and even gas gang rene may supervene.
These facts relate, as stated, to the vertical
portions of the colon and not at all to the transverse
colon; the 'M)Unds of the later and part1.cularly of
the left angle, are as seri ous , if not more seri ous,

100

than those of the small intestine. In the same way
the sigmoid flexure often has a wide mesocolon , and is
sufficiently mobile; but it has a tendency to occupy
the true pelvis, where infective foci are isolated
and collect more easily . The transverse colon is open
to the same comments as the sma ll intestine. And ,
in estimating the probability of spontaneous healing,
the fortunate accident of a free spontaneous
communication with the exterior can not be ccunted on.
In the ascending and descending colon, the benignity
of wounds os not so probable in the case of she 11
fragments as with rifle bullets or shrapnel. In most
ca ses , say Abadie (81), the damage is extensive, the
lacerations wide , and the hemorrhage abudnant. The
wound extends to the intraperitoneal region by an
irregular aperture, so that sane of the int es tinal
contents may fall into the abdominal cavity; they are
then infinitely more septic than when coming from
the small intestine, and thus the compara tive benignity
of the wounds of the c ol on and those of the s mall intestine
is reversed . Extensive wounds of t he colon , except in
the case of a s :i.mple wound making an artificial anus
permitting complete evacuation outside, are of the
g re8test gravity .
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From the standpoint of trauma, the pelvic colon
often assumes more importance than the remainder of the
large bowel .

Contusions are not very frequent, for of

78 cases collected by Chenier (151), in which the large
bowel was involved, only 16 concerned the pelvic colon;
though the incid~nce is nearly the same as in other regions (cecum, 22; ascending colon, 11; transverse colon,
11).

Some protection is afforded by the pelvic bones,

the distance away from the spina 1 colum, and the relative mobility of the loop • . Where contusions do occur,
they are generally at the fixed portions at beginning
and end of tm loop; and Schwartz ( 152) believes the
solid nature of the contained feces has some effect,
tending to impinge against the wall and injure it, instead of being pushed away as in the nore fluid contents
of the small gut.
falls.

The causes were generally kicks or

The lesions produced vary from subserous lacer-

ations to total rupture, the bowel being completely
dlvided, though this is very rare.

In many instances,

the wesocolon as well is injured as were 6 of the 15
examples in Chenier's (151) series; here the trauma may
be confined to the vie inity of the bowel wound , or extend the who le width of the mesocolon (Patel) ( 156).
Hemorrhage may occur into the free peritoneal cavity
generally fatal -- or it may infiltrate the meso-sigmoid.
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As in the rectum, the pelvic colon may be wounded by
enema tubes, (Quenu) (187).

During the World War I,

the frequency of bullet wounds in t h is portion of the
bcrl y seems to have varied considerably.

For example,

1,1 eyer and •raylor (153) in their first 50 operations at
a casualty clearing station for penetrating wounds of
the abdomen found only 2 involving the pelvic colon.
Wallace (154) had an enormous experience and states that
of 965 cases operated on, the colon as a whole was wounded
252 times; in 155 it was the only IR rt of the alimen-

tary canal hit , and in· 41 of the 155, the pelvic colon
alone was involved.

From an anatomic standpoint, the

latter is more like the s mall bowel than any other part

.

of the colon, while the lesions are somewhat similar.
Next in frequency t o the transverse colon, the pelvic
colon injuries are most often complicated by mu ltiple
wounds of the sma 11 gut and bladder ( of the 41 cases,
23 were single , 18 w1. th injury al so of sma 11 bowel) •
The gravity is increased by the frequent association
with fractured pelvis.

Wallace was struck by the great

variations in position , as sh.own by the different locations of the wounds on the pelvic . colon in different
cases where the bullet nevertheless had taken a similar
course.

Operative wounds also occur from time to time.

When the bowel has been entered, every attempt should
be made to close the mucous surface as assurately as
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possible.

Van Hook (115 ) points out that both the pel-

vic colon and the splenic flexure are liable to injury
being mt far from the surgical route to the left kidney.
Ruptures are not very common, judging from the fact
that. in 15 years -at the various London hospitals, only 4
cases were admitted; 3 of these were not operated on,
and the perforation of the last was not found at the operation (Berry and Guiseppe) (155).
Impalements are accidents in which the body falls
vertically upon a sharp-pointed object, driving it into
the rectum.

These accidents are seen not infrequently

in civilian life, occurring commonly among children.
They are associated in most instances w1 th considerable
injury

t,o

the external JB. rts as well as with lac era. tion

and perforation of the colon.

Rumbaugh (157) ~eviewed

147 cases of impalement injuries of the rectum and colon.
Of this number, 44 were treated by laparatomy and 29 or
66% recovered.

Of the remaining 102 unoperated cases,

43 or 41% recovered.
One not infrequently hears of serious lesions, _.~ ften perforations of the colon, produced by the insertion
of foreign bodies into the rectum.
jects which has
tounding.

'l'he variety of ob-

been introduced into the rectum is as-

Bottles, broomsticks, p:- ejecting knobs of fur-

niture, hardware appliances, and many other devices may
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be found in the rectum and sigmoid, under varying circumstances.

The commonest occurrence of this accident

is in instances of ano-eroticisn, although it has occurred in cases of criminal assault and occasionally in
cases of so-cal_led "pranks Ii
widespread:

.

The practice is doubtless

the reported cases of serious traumatizq-

tion are probably small in proportion to their actual
incidence (Crohn and Rosenak) {11).
A not very frequent, but always well publicised accident is the pneumatic or air-hose injury of the rectum and si gnoid.

Stone ( 158) of London repcr ted the

first case of this injury in 1904.

Hays (159) reported

32 cases in 1926, which he stated formed the entire
number or reported cases up to tba t time.

Andrews { 160)

in 1911 reported 13 such injuries and many more have
si nee been published.
Some authors have attempted to determine the amount
of air pressure required to p _e rforate the colon.

Andrews

found that the ordina. ry bursting point in a dog or ox
intestine is from six to ten pounds.

He also found that

the human intestine shows about the same bursting point
when removed from the baiy.

Whether the strength would

be greater in the living body, he could not determine;
but he thought that probably there would be slight difference.
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In neqrly all the cases reported by Bendixen ( 161),
the pa tho logical condition was found intra-abdominally,
and consisted of hemorrhages in the serosa, lacerations
of the serosa and muscular coat, with a bulging of the
mucous membrane; or in some cases, there was a complete
rupture of the bowel through the serosa, muscular coat,
and mucous membrane.
was affected.

'l 'he sigmoid in nearly a 11 cases

The descending transeverse and ascending

colon, together with the small intestine and mesentery
may show si gns of traumatic injury, due to compressed
air a pp lied through the rectum.

Bendixen concludes

that the extent of the injury to the bowel will depend
upon the patten ts physic al condition whether the bowel
is full or empty, am the amount of air pressure applied.
cavity.

Air is usmlly found in the free peritoneal
Hemorrhage and ecchymosi s of the bowel are to

be expected in al 1 cases.
Injuries produced by hose lines carrying air under
great pressure are always more severe, the perforations
being nearly always multiple, occurring for the most ~rt
in the pelvic colon.

The force exerted on the bowel

wall is always in excess of the required force to penetrate it, and the perforations are frequently multiple.
Su.ch perforations occur in the majority of instances at
or about the rectosigmoid angle because this point is
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more or less fixed and because the colon here becomes
an intraperitoneal organ.

Lesions w~ich diminish the

mobility of the sigmoid, such as post -operative adhesions an:l localized pe ri-colonic inf lammations have
been regarded as contributing elements in the etiology of some cases of re rforation ( Crohn and Rosenak)
(11).
Block and Weissman ( 162) repcr ted a case which is
quite typical of these pneumatic rupture accidents.
'i'h e

pl.

tient was a man , age 46.

Regarded as a practical

joke, a compressed air hose was held near (one inch)
the rectum.

The patient immediately became dizzy,

staggered, and fell to the floor unconscious.
diate o-peration was performed.
was found filled with air~

An imme-

The peritoneal cavity

Slightly above the junction

of the sigmoid with the rectum on the left sio.e, there
was irregular perforation of the bowel with a diameter
of about 25 mm. together with a laceration of the meso sigmoid about two inches long.

<fu rough this opening,

fecal material was escaping into the peritoneal cavity.
In addition to this, there were four longitudinal lacerations on the lower sigmoid and upper rectum involving
the muscular coats of the bowel but not extending into
the lumen.
Bendixen (161) reports a case of a man , age 20.
The accident was also the result of a canpressed air

~
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hose, under 120 pounds of pressure.

This caused a great

ballooning of the bowel, with little air, however, escaping into the abdominal cavity.

Perforation occurred

in the transverse colon near the hepatic flexure.

A

bloody serous exudate was present in the ·cavity.

This

patient also recovered following the operation.
There have been 3~ cases of injuries due to diagnostic an::1 therapeutic procedures collected from the
world literaru.re by Crohn (162).

Of these, 18 occurred

in the course of proctoscopy or sigmoidoscopy; several
were due to dilitation of rectal strictures, others by
inexperienced general practitioners or assistants, and
others were done by irregular practitioners of little
experience.

Anyone who does sigmoidoscopy may perforate

the rowel.

Honever, relatively few of the cases reviewed

were done by experts; and these were for the most part
in patients who had diseased colons.
In addition to this survey of the literature, Crohn
( 162) made direct contact by questionnaire with 27
recognized proctologists and gastro-enter<?logists in
the United States.

A total of 21 perforations due to

sigmoidoscopy were repcr ted by this group.

Of this

number, five were actually <bne by these specialists,
7 b'y assistants, and 5 perforations were seen in consultations.

In most of the cases, the colonic wall
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been weakened by the existence of carcinoma, ulcerative
colitis, or diverticulitis.

In one of the cases re-

ported by questionnaire and followed by Crohn, the perforation was due to the fulguration of a polyp.

The

greatest number of perforations reported by qualified
sigmoidoscopists have occurred with the use of air inf la ti on apparatus.
Experts, such as Andrews (160) have long regarded
blanching of the mucosa as a sign that too much pressure
is being exerted, ar.d as a warning that the instrument
should be withdrawn from this point and reintrodaced.
Frequently, Crohn states, one encounters difficulty in
passing the si@lloidoscope into the pelvic colon of highly
neurotic and tense individuals.

No forceful attempt to

enter the sigmoid should be made.
Injuries to t h e large intestine as a result of foreign bodies have rarely been reported, although there
are many reco rd.s of such bodies passing th rough the
bowel.

One of the more can.man objects of injury in

the large intestine, as in other parts of the gastrointestinal tract, \'\hen due to a foreign body, is the
fis hbone.

Ginsburg (163) reported six such cases that

occurred at one of the largest hospitals in New York
City.

This report covered a 12-year period.

Other

single cases have been reported from time to time.
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Bearse•s (164) report is one of the best on this subject.

He states that the large intestine is the usual

site of perforation; the cecum and flexures following
the rectum in frequency.

The small intestine, includ-

ing the stomach and the duodenum, is rarely t he site of
such perforations.

It is thought by Bearse that per-

foration is more common in the large intestine because
of its greater size, its more fixed position, its sacculated form, its haustration, its thinner well , and its
energetic and churning movements .
The perforation is brought about by the bone abrading the intestinal wall , arrl finally working its way
tbrrugh to the peritoneal cavity.

This gives rise to

a localized inflammatory reaction arrl possibly abscess
formation.

IX.

THAUfo ATIC LESIONS <F THE RECTUM AND ANUS .
As comp:3. red w1 th other p:3.rts of the body, anal and

rectal injuries are of infrequent occurrence.

It is

probable, therefore, that the number of such injuries
observed by any one physician or surgeon is very small.
'l'he infrequency of injuries of these p~rts is the result
of their protected anatomical position between the folds
of the bottocks and within the girdle formed by the
pelvic banes.

In some cases these injuries may be of
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a very serious character, and the preservation of life
may depend upon an early diagnosis and the promptness
with which surgical aid is insti!.tµted.
Anal and rectal wounds are classified as incised,
contused, la.cerated, punctured, and gunshot.

The more

serious of these wounds are the result of injuries
from violent external agencies.

'I'hese parts are also

not infrequently injured by foreign bodies, varying in
size and sh ape, and consistency, which have been swallowed a ccidently or with suicidal intent, and passed
through the alimentary tract.
Injuries producing cleanly incised V\Ounds of ·the
anus arxi rectum are relatively uncommon.

'l'hey occur

usually as the result of a surgical operation.

.C.ither

they are produced intentionally during some anorectal
operation, or as an accident during operations which
necessitate exicision of perianal or perirectal tissues.
Pennington (165) states that during the days of perineal
lithotomy wounding of the bowel was not infrequent; it
may also follow prostatectany; but the perinea.I route is
not always resorted to now.

He also states that the gut

may be wounded in operation for pelvic growths in women,
low down, or during hysterectomy.
•

~'oreign bodies may

cut or lacerate the muco.sa on their way out.
Graham (166) states that one of the commonest in:\
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juries resulting in contused and lacerated wounds of
the anus and rectum occurs during pirturation.

It is

caused, according to him , by the nrol or_1ged pressur~ of
the fetal head during the second stage of labor.

Per-

ineal te~rs during the second stage of labor have .been
classified into three degrees .

Williams ll67) states
I

that in the third degree, which is the most serious,
the tear extends completely through the perineal body
and the sphincter ani muscle , and for a certain distance
up the anterior wall of the rectum, thus giving rise to
a cloaca, into which both vagina and rectum open.

Cases

are reported by Pomeroy in which a large portion of the
anterior rectal wall were destroyed as. the result of
unduly prolonged pressure .

He states that these exten-

sive injur.1.es may result in fibrous rectal strictures.

Graham (166) states that during parturation , there may
occur oomplete laceration of the sphincter muse le.

A

complete rupture of the perineum may ensue, and the
rectovaginal septum may be badly torn or lacerated.
The septum may be lacerated or ruptured c anpletely with out an accompanying laceration of the perineum, and the
child born or delivered through the anus.
The employment of badly -fit ting pessaries , or the
long continued w~~ring of same, although fitted correctly,
may cause contused wounds of the rectum.

Graham (166)
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observed a very striking example of an extensive rectal
injury, the same having been inflicted by a hard and
yet correctly fitting rubber i;:essary.

The pessary in

this case had been introduced 10 years previous to the
t:une when the patient consulted him.

A proctoscopic

examination revealed a large, ulcerated area involving
the anterior rectal wall.
Contused and lacerated wounds of the anus and rectum may be caused by unduly careless gynecological and
prostatic examinations and surgery.

Grahm (166) reports

cases in which the peritoneal cavity was perforated by
the examining finger.

He states that prostatic massage,

if practiced roughly, may produce contused and even
lacerated wounds at the mucocutaneous margin or pectinate line.

These apparently slight injuries are very

painful in cba.racter, and they are not uncommon as the
result of this therapeutic procedure.
Extensive contused and serious lacerated wounds of
the anus and rectum are the·result of violent direct
injuries, as from blows, kicks, being run over by a
heavy vehicle, falling on the buttocks, sitting on
spikes or sharp-pointed foreign bodies, the sudden collapse of a chair, etc.
spoken of as impalments.

These injuries are usually
In these injuries, the small

bowel is usually unharmed, being pushed aside, even if
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the vulnerable object penetrates a considerable distance; though a few cases are recorded by Pennington
(165) where it too has been torn at about its middle.
If the v.ound of entrance is of sufficiently large extent, the small bowel may herniate.
Injury by impalement implied a fall onto the impaling instrument.

In order to differentiate such lesions

from the more common puncture wounds, the falling body
must play an active part, the impaling body a passive
om.

Such a description was followed by Stiassny (168)

who collected and published summaries of 127 cases, in
1900.

Five years later, Tillmann (169) added 16 more

cases; and in 1912, Habhegge (170) surrnnarized all the
cases previously reported and added 36 additional ones
which he had collected during the intervening seven years.
Injury by impalement is primarily a hazard of agricultural communities; yet only 3 such patients have
been treated at the Mary Imogene Bassett Hospital (171)
in a rural section of New York State, during the past
eight years.

Within this period there were 10,551

total admissions, 4,554 of which were surgical.

Neu-

mann (172) reported 20 impalements in 16,000 patients
treated at tbe Municipal Hospita l in Friedrichshain
near Berlin between 1880 and 1898~ and Bircher (173)
found only two such cases ih 16,000 surgical admis-
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sions to the Kant Krankenhous in Aaran, an agricultural
district of Swi tzerla rrl.

These statistics of fer suffi-

cient evidence of the rarity of this type of lesion.

.

Impalement is one of the many haz ards. of haying.
Powers ( 171) reported that thirty percent of the repcr ted
cases have occurred among farmers: falls from haylofts,
stacks, and racks onto hay-hooks, pitchforks, rakes, and
hoes are the more common methods by which this injury is
sustai md.

f>itchfords and hay -hooks have been the impal-

ing instruments in 26 percent of cases.

Those who work

beneath the surface of the earth form the next largest
group; miners , ditch-diggers, and well-drillers who run
the risk of impalement on drills, picks, shovels, and
gas pipes.

Those who work above the surface of the earth

form the third group; steeple-jacks, windo:,-cleaners,
masons, painters, and carnenters.

Even the home is not

safe, for many cases have been due to falls from wind ows
amd porches, stepladders, tables, arrl chairs onto picket
fences, flower-stakes, broom-handles, and the legs of
chairs and tables.
Habhegger (170) presents an elaborate classification
and comprehensive description of wourrls of this type.
James (174), ho.vever , feels that it is much simpler to
divide them into two groups:

one in which the perito-

neum is not injured; and two, those in which the peri-
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toneal cavity is penetrated, with or without injury to
any intra-abdominal viscera.

Peritonitis is always a

complicating factor in the second group and a frequent
cause of death.

In the majority of cases, the direc-

tion of impact is from below upward, more or less parallel
with t h e long axis of the body; and the point of entrance
is through the anal orifice in the male and the vagina or
anus in the female.

In the intraperitoneal group, ac-

cording to James (174), if the impalement is directly
through the anal canal, the most common site of rectal
rupture is on the anterior wall, a bout 2½ - 3½ inches
from the anus.

Powers (171) explains that the curved

surfaces of the buttocks direct the impaling object
towards the interischial space from vmich the pubis in
front and the coccyx and sacrum beh ind guide it toward
one . of the two orig ices.

This mechanism applies partic-

ularly to blunt instruments, a pointed object being more
likely to penetrate at the point of impact.
It is remarkable to note what appalling injuries
of this tyne may occur and still be followed by recovery.
Woodbury (175) reports the case of a girl, 18 years old,
who fell eight feet onto a stake three inches in diameter, wh ich passed twenty-seven inches and emerged at
the left side of the breast, fracturing three ribs on
the way.

The gtr 1 was back in school in six weeks.

On the otmr hand, Heath's (176) patient fell only four
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inches onto the handle of a hammer and died in a few
hours.

At autopsy, a fragpient of trousers was found

in the abdominal cavity together with small masses of
feces.

Many other cases have been reported in the

literature, including those by Morley ( 177), Breyer
(178), and James (179).

However, they are all very

much alike, and will not be presented in this discuss ion.

Contused and lacerated wounds may result from dilitation or di vulsion of the sphincter muscles, especially if th is surgica. 1 procedure is too forcibly and
roughly practiced.

Gramm (166) observed a case of a

male adult who had a large fecal impaction in his rectal ampulla for several days.

Forcible expulsion of

the same resulted in a com.plete laceration of the
sphincter muscles.
The anal canal, and rectum may be contused, lacerated, and even the rectal wall perforated by bougies
or dilators employed in the therapy of rectal stenosis
and constipation.

When perforation.occurs, the bougie

or dilator is usually passed through the anterior rectal wall, an:l the peritoneal cavity may be penetrated.
Similar injuries rm y result from car less and faulty
sigmoidoscopy.
'fhat the rectum may sustain serious injury as the
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result of an improperly administered enema is not well
recognized in the American literature; the ~nglish literature on the other hand ~ontains more numerous references to this accident.

An injury of this type was re-

ported as long as a hundred years ago by Nugent ( 180)
in Ire land.

'l 'he injury is always a grave one, for it

causes sloughing of the mucous membrane of the anal
canal and rectum, according to Rayner ( 181).

He states

that it is commonly necessary to perform a temporary
colostomy in order to promote healing of the extensive
raw surface left after separation of the slough.

Some-

times, in consequence of the dense cicatricial structure
which follows healing, the colostomy may have to be a
permanent one.

Balloon (182) states that in oome cases,

death has resulted from sloughing of the rectal wall into the peritoneal cavity, or from spread of sepsis along
the fas_cial planes of the pelvis.
The essential factor in the production of·the injury, st.ates Rayner ( 181), is the use of • a hard conical
nozzle, usually of bone, sometimes of glass.

The in-

jury is caused by forcing the tip of the nozzle through
the mucosa of the anal canal.

Perforation of the mucous

membrane by the nozzle tip may occur in certain circumstances without gross or -unpardonable carelessness on
the part of the administrator; such circumstances, for
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example as a poor exposure of the perineum from bad
lighting and faulty position of the pa. tient, insufficient
lubrication of the nozzle, the use of some force to overcane the resistence caused by inaccurate insertion of
the nozzle, and an everted condition of the anal mucosa,
as in prolapsed hemorrhoids.
Ballon ( 182) s·t a tes that the enema fluid strips up
the muoo sa of the anus and rectum over a large area, the
extent of which depends upon the amount of the fluid
. wbic h has been injected.

'l'he sloughing results from in-

jection beneath the rectal mucosa of a quantity of fluid
under great pressure which strips up the mucosa and deprives 1 t

of its blood supply.

·.1·he initial injury ·-- the

puncture of a mucosa -- is represented by the tear which
is visible at the anal margin.

Rayner ( 181) states that

another and still more severe type of injury, is that in
which the wall of the upper rectum is punctured and the
fluid injected either directly into the peritoneal
cavity or immediately under the peritoneum.
jury will cause death within one or two days.

Such an inThis in-

jury can happen only when a hard tube cf glass , or
metal several inches in length, is employed.
Rayners (181) important publication, upon which I
have drawn freely, appeared in 1932.

In this he stated

tmt :m had encountered three examples of the ccndition.
All had occurred -in men who suffered from unexplained
pyrexia.

One of these had a ·tear, devoid of mucous
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membrane, which extended upwards from the anus for about
four inches.

In another, a slough was drawn out ten

days after the injury.

Bastedo ( 183) in 1932 reported

that in two instances he had found a torn rectal valve;
and in several others, injured or severed polyps.

On

these occasions nurses had found in the return a piece
of flesh which proved to be a detached polyp·.

These

traumas resulted from the use of a too stiff tube or a
tube with a sharp-edged terminal opening.

It should be

obvious, from all of these reports, the. t a rigid enema
tube must be regarded as a dangerous instrument particularly when it is placed in the hands of one unfamiliar
with the anatomy of the rectum.
Perforation of the sigmoid during diagnostic or
therapeutic procedures is probably a very rare accident
in tbe opinion of Pearse (184).

Little has been written

about the subject, but of the papers published, those of
Crohn and Rosenak (11) are the most canplete.

The cau-

tioned th at the normal bowel of the conscious patient
may be perforated w ithout much pa in or the use of excessive force.

Two of Pea.rse's(l84) patients punctured the

signoid with blunt, hard rubber tips without realizing
that they had done any }:larm until an enema floo.ded the
peritoneal cavity.

If the normal bowel can be perfor-

ated so easily, then the hazard 1s much greater with ul-
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cerations and disease, for the weakened wall may be ruptured by the air pressure from a hand bulb, punctured with
a bougie or a dilator, or perforated with a sigmoidoscope.
Pearse observed 8 cases of perforation of the bowel from a
foreign body inserted through the anus.

In .four of these,

the perforation was caused by the sigmoidoscope; in two
by an enema tip, and in one each by an electrode and a
thermometer.

•

The greatest safeguard is visual guidance

of all instruments pi.ssed onto the upper part of the rectum or the sigmoid.

The greatest danger is from a blind

instrumentation by maneuver (Pearse) (184).
An interesting case is reported by Dodds (185) in
which the rectum was perforated by ignorant instrumentation.

The P3- tient, a young woman, had missed a period

for 2 weeks; and for two weeks, she had been constipated.
In a misguided attempt at abortion, a Higginson 1 s syringe
had been used per vaginam and the nozzle had met and perforated the vaginal and rectal walls which had at the
time of the injury been bulging forward due to the accumulated hard feces.

On admission to t h e hospital, feces

slough occupying most of the upper half of the posterior
vaginal wall and at the center of t his area was a fistula
t h rough which rectal mucosa could be seen.
The rectum may be injured seriously and the peritoneal
cavity penetrated without any visible external evidence cf
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trauma or injury to the anus and sphincters.

Graham

(166) reported a case where the patient fell from a ladder onto an umbrella stand.

The handle of an umbrella

pissed through the a:rru.s wi tbout apparently injuring it;
it tren passed through the anterior rectal wall and nenetra ted the peritoneal cavity.
Although cases of rupture of the rectum from indirect violence have been repcr ted, they are exceedingly
rare.

Here, two subvarities are recognized by Penning-

ton (165) from the etiological standpoint:
and spontaneous .
the cause.

traumatic

In many instances a foreign body is

On rare occasions, a crushing force may burst

the rectum wi t:hout involving the pelvic bones .
capable of producing ruptures.

Falls are

'I'be previously discussed

rupture as a result of compressed air must be included
here, although the great majority of these accidents shON
no involvement of the rectum or anus.

•

The spontaneous type of rupture seems to be found
nearly twice as commonly in females as male s, according
to the figures of Pennington (165); and the natients are
adults up to old age.

In six cases,it occurred during

or following defecation , in one from a violent vomiting,
in an other from lifting a heavy weight, while in two
other cases recorded by Henningsen and Brodie (186),
absolutely nothing was f 01nd at the operation or necropsy
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to throw any light on the etiology.

~uenu (187) states

that tbe tear found is usually fror.i 1 to 5 in. distant
from the anus; and may be on the anterior or posterior
walls,

or involve the rectovaginal septum.

While gen-

erally longitudinal, it is occasionally tra:1-sverse, and
measures frcm 2 to 10 in., thus running beyond tbe
boundaries of the rectum proper.
torn more than the other coats.
serious.

The serosa is usually
This injury is very

Of 11 instances, 10 were fatal in spite of

operation; the result in _the other is not stated., though
as it was in the rectovaginal septum the recovery probably ensued.
uncertain.

The etiology of this type of rupture is

Quenu (187) believes that prolapse is a pre-

disposingfactor.

The prolapse acts as a predisposing

factor or cause by inflaming the mucosa, dilating and
altering the veins.

Some effort bursts the vein ar:d the

blood is infiltrated in the diseased walls of the rectum
which causes the rupture.
Gunshot v.ourrl.s of the a.nus l!llnd rectum are rather
uncommon.
serious.

These

injurle s must always be regarded as

Statistics reveal the fact that they are at-

tended by a higier mortality than gunshot injuries to
other parts of the digestive tract.

Many of these fa-

talities are the result of concomitant injuries to the
large pelvic vessels, or peritonitis.
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In a total of 245,790 gunshot wounds during the Civil
War, 103 involved the rectum (Otis) ( 188).

Of 73 wounds

of large bowel, ih i orld War I but 6 involved the rectum
and only 2 had to be sent to a base hospital (Wallace)
( 154).

Mis sles may traverse the pelvis before injuring

the rectum, or may enter through the buttocks or -- rarely
-- through the perineum.

They are frequently canpli-

cated by fractures of the pelvic bones; in fact, Otis
(188) was of the opinion that this complication occurred
in all.

The amount of damage done varies with the

nature of the miss le.

Shell fragments, of course, cause

appalling destruction,tearing off the greater portion of
the gluteal region, the sphincter and the lower extremity of the bowel or only one side of the latter.

Bullets

on the contrary, according to .Jal lace ( 154), may pe rfora te the rectum above the sphincter thus leaving the
muscle intact, and with or without involvement of the
peritoneum .

Where the miss le traverses the pelvis, both

rectum and pelvic colon are apt to be wounded, according
to the same author, together w 1th t h e small intestine
and the bladder .

In a few instances, the snall bowel

e-scapes but if injured, the lesion is apt to be eztensi ve and fatal.

Either the intraperitoneal or extra-

neritonea 1 aspect of the bowel may be involved, or both
· together.

The direction of the mi ssles is transverse,

anteroposterior or semivertical ( the "buttock wound'' )) .
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When transverse, the wounds of entrance and exit tie
tcwards the posterior aspect of the buttocks.

Wallace

(154) lays great stress on the fact that a. bullet, the
track of which from a. study of the wounds seems to have
passed posterior to the rectum, may have wounded it
after all.

Bullets passing anteroposteriorly may cause

injuries of both bladder and rectum.

If directly anter-

oposteriorly, both surfaces of the rectum may be wounded,
whereas if sQTlewha.t oblique, only the intra.peritoneal
aspect may be involved.
Mocquot and Fey (189) ma.de sane interesting observations on 30 projectile wounds of the rectum.

Among

these were four of wounds of the peritoneal portion of
the rectum, 19 of the extra.peritoneal rectum and anus,
and seven of the recto-urinary passages.

Among the

wounds of the peritoneal portion, there were four cases
of penetrating wounds of the abdomen with multiple
visceral wounds.

The projectile had wounded the rectum

in each case, the srm 11 intestine in three cases, the
cecum in two cases, t h e mesentery i n one case.

In

three cases t he rectal injury had been discovered and
treated in the course of a. lapara.tomy; in one case it
was not recognized.

The i,,ounds of the upper rectum and

bladder, four in number, all developed a rectovesical
fl stula.
Rankin (190) reports an unusual gunshot case, whicp
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is of interest because of the cour.se the bullet followed
in the body.

The wound of entrance was in the middle

third of the thigh.

During its course through the ab-

domen, perforations of the bladder, rectum, sigmoid, and
ileum were produced.

There was no wound of exit and an

x-ray revealed the bullet lying in the abdomen at the
level of the umbilicus.
There is one final type of lacerated wound of the
rectum which occurs as the rerult of a fractured pelvis.
This ccmplication of fractures is uncommon.
saw none in 52 cases among coal miners.

Cloyd (191)

As regards the

mechani3Tl of these injuries, Harass (192) ~elieves they
are due to a tearing; serious traumas to the pelvis set
up comiderable . displacement of the bones, these in turn
exert ru.ch traction on the muscles and aponeuroses and
so on the rectum, that the latter is pulled loose from
the anus.

Direct impact of the fragments plays but a

minor role.
The history of foreign bodies in the rectum begins
with the earliest recorded medicine.

Rosser (190) stttes

tha.t it constitutes a bizarre arrl grotesque chapter, replete with strange examples of objects recovered from
the terminal bowel, with curious explanations of their
presence, and with case histories covering the widest
range of maladventure, grim humor, sordid perversion,
and often tragic outcane 1
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A vast number of objects have been removed.

It is

odd tm.t in spite of this fact, there are few reports
in the literature in which the foreign body has resulted
in actual injury to the rectum.

The greatest danger of

trauma in these cases lies in the subsequent removal of
these objects.

It is quite important that first a.id in-

terference shall not be strenuous or meddlesome.

Rough

or continued attempts to find or renove the objects may
result in perforation of the bowel or in forcing the
foreign body higher and lacerating the mucosa.
Brooke ( 194) repcr ts one of t he most interesting
cases in which a foreign body resulted in trauma..

In

his patient there was a localized abscess, an anal fistula,
and an encapsulated mass, somewhat superficial and posterior to t h e left ischiorectal space.

All of t ~is oc-

curred subsequent to the ingestion of a chicken bone.
This foreign body was found in the tissues of the buttocks in a glistening encapsulated cavity, which had
been ruptured _b y a recent injury to the tissues superficial to the ca.vi ty.

There are three things a.bout

,this case that make it unusual:
1.

That it w.a.s possible for a person to swallow a

chicken bone 5 cm. long, and sharp at both ends, and not
be aware of the fact.
2.

That this object traversed the entire gastro-
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intestinal tract apparently without doing harm and nierced
the lower rectal and anal walls without discomfort to
the host.
3.

And, that the fo~eign body resided in an encap-

sulated cavity which failed to cause the slightest bit
of trouble to the host until ,she fell and ruptured the
capsule.
Probably one of the most bizzare cases of rectal
trauma is reported by Diamond (195).

The patient ate

sane grape jelly, which .at the time seemed grit ty.

At

the same time, something seemed to. cut her tongue.

She

later developed vomiting and abdominal pain, and she
began to ~ss bloody stools.

On examining the jelly,

flat, sharp , pointed, roughly triangular crystalline
objects up to a qua rter of an inch in their longest dimension were found.

When the mucosa of the lower ten

inches of the rectum and the sigmoid were examined by
proctoscopy, a number of lacerations were . seen.
were up to 3 mm. deep and 13 mm. long.

They

In the deeper

cuts were found sharp glass-like particles.

These were

later reported to be crystals of notassium b.itartrate.
This is a natural constituent of grape juice; it is deposited as a crystalline crust when allowed to ferment
because of its lesser soluability in alcohol.

In view

of the abdominal cramps and the vomiting, the epigastric
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distress, the passage of bloody stools, it is assumed
by Diamond that lacerations were present ~hroughout the
intestine.
Apart from t?e injuries to the anus accompanying
wounds of the rectum, incised wounis of the anus alone
are occasionally observed.
common.

Contused wounds are more

The rectum is s anetimes torn lose from the anus.

Martin and Griffiths ( 196} r _e port several of these unusual cases.

Radium burns are an extreme degree~

the radiologist call the "reaction".

what ·

The skin or mucosa

becomes reddened, then blistered, and ulcers form; in
severe cases a slough of variable depth results.

The

burns apJl'ar sometimes after a single application, at
others after several, according to Griffiths; and the
intervals elapsing also vary.

Such lesions are gener-

ally due to contact of the radium with healthy skin or
healthy mucosa.
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X. COMPARATIVE ~:ORTALI'TY AND PROGNOSIS OF GAS'11ROINTESTINAL TRAUMATA.

In this last section some attempt will be made
to evaluate the importame of the various traumatic
lesions which have been discussed in the previous
section, and to comrare the incidence and relative
mortalities of them as reported by the many author ities. In some cases there is little opportunity
for comparison due to the absence of sufficient
material . However, in most instances a great deal has
been done toward these comparitj,.ve studies . It is
only through an adequate presentati on of all the
possibilities of trauma in the gastro-intestinal
tract, and by a carefully weighed consideration of
the principles deemed necessary in order for the
best prognosis in all ca ses, that this paper can
prove itse lf to be of any value .
Jackson ( 28) states that the e sonhagus is surgically the most intolerant organ in the body and that
an inj ury or a foreign body lodged there may quic k ly
p r ove fatal; death resulting from hemorrh age , from
asphyxia or from perforati on and septic mediastinitis .
The most canmon form of trauma to t h e esopha gus
today is th a t caused by blind instrumentation ill
advisedl y undertaken for disease or foreign body .
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Fatal splitting of the esophagus in a certain pP-rcentage
of cases was accepted as inevitable in the old blind
methods of dilatation. t'erfora ti on was also common,
as indicated by Trousseau's statement to the effect
that sooner or later all i:a. tients with obstruction
of the esophagus died of the bougie. Today, thankfully,
these injuries riave become quite rare. This has been
mocle possible to a large degree, undoubtedly, by the
continual insistence· of such men as Chevalier Jackson,
that all esophageal intrumentation can be dangerous
and shruld be Performed only by the porperly trained
snecia list.
'l 'he prognosis of any esophageal perfor"tion
must be co nsidered as grave. '.Villi ams and Boyd ( 197)
feel that the best results can be attained only by putting
the esophagus completely at rest by gastrostomy, and
whenever pleural manifestations present themselves
to perform early thoracotomy~ ,Jallfield (36) warns
tr-J.2. t arry injury to the mucosa. should be viewed with
suspicion and that the patient be carefully followed
by frequent roentgen studies. 'I'he latest obs 9 rvations
made by Jolly (46) in 1942 still emphasize the importance
of sufficient open drainage of esophageal wounds and
the relative ease in whi c h mediastinit:l.s can develop
fran them.
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Spontaneous runture of the esophagus is a very
rare disease of unexplained etiologr . It has been
observed after operations under general anesthesia and
dunring acute general infectious diseases as discussed
previonsly . 'l'he prognosis in these cases is much wors e
ho wever: the mortality being almost 100 per cent .
u-astrostomy to put the esophagus at rest and to sunply
water and nourisrment is indicated; but the moribund
d'Jndi tio n of the patient may contraindic ate any
ooerative porciedure .
In a general way it may be stated that of unremoved ,
foreign bodies in the esophagus ultimate~y nrove fatal .
.l:"orei gn bodies in the esophagus can be remove-d by
esophagoscopy through the mouth in almost all cases ;
In Jacksons (44) experience , it has never been necessary
to resort to external esophagotomy in over 1400
consecutive cases. It seems to him that any foreign
body that has gone . dONn into the esophagus by natural
tB s sages can be brought up the same way with the

esophagos c ope , Provided the foreign body is turned
to the same postion in relation to the upward traverse
that it spontaneously took in relation to its downwa rd
travel.
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i,ye burns cause the great est percentage of esophageal stenosis. In children, the swallowing of caustic
alkali causes ul c eration of the esophagus in 100 pP,r
cent of the cases. It is not quite so high when
occurring in adults , but the action is often severe.
As in the treatment of lye burns , so all treatment
of esonhageal injuries must be based of the following
facts set down by Jac.kson:
1. the esophagus is one of the Mo st intolerant

viscera;
2. its walls _are - very thin;
3. to perforate its wall is almcst always fatal;
4.in cicatricial stenosis an additional danger
·is involved thro ughout the fact that_ while cicatricial
'

tissue is tough, the esonhageal wall is tender; yet the
esonhageal wa 11 may be enormously extended if months
or years are taken . If the pe ri phery of a strictured
lumen is -p3.rtly normal wall , slow dilatation of this
segment will yield pe rmanent results, with none
of the tendency of scar tissue to contra.ct again.
5. All treatment should be ba s ed upon esophageal
examination of local conditions. It is dangerous and
unsurglcal to go blundering blindly with a bougie
down the esophagus in an attempt at tre~ tment.
I have quoted frelly from the work of Jolly
throng ht this article. His experience of continuous
service in a for11ard surgical unit with the Republican
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Army in the recent Spanish Civil. far embraced the
treatment of some 5 , 000 wounded men. He has operated
upon a )most a thousand gunshot wounds of the abdomen .
His :oe!X)rts , together with a few that have come out
of- the pre se nt World Vfar , make up the most recent
work regarding traumatic wounds . His results show that
the most imoortmt _single factor in determining the
mortality among those wounded· in the belly is the
"time lag 11 , or the interval before the wounded soidier
is properly treated.
The prognosis of wounds of the stomach varies
very much with the site of rnjury - wounds of the fundus
or the greRter curvature being far less seri.ous than
t ~ ose of the cardia or the lesser curvature , in the
opinion of Jolly . In the last-mentioned situation it
is common to find a saddle-shaped perforation with
massive hemorrhage into the general cavity and the
lesser sac , the gastro -h epa.tic omentum being so grossly
infiltrated with blood that suture of .the perforat1.on
is always

difficult . These wrunds are commonly fatal

in the first hours from injury to the portal bundle , .
the greater vessels, or the solar plexus .
The prognosis of the subcutaneous ruptures of
the istorach depends on many factors among which
Glassman (65) mentions the following:

134

1 . the severity of the trauma ,
2 . injury to other organs ,
3 . shock ,
4 . blood loss , and probably of the most importanc e ,
5 . the time of operation after injury .

Before laparotomy came into general use (1890) ,
death was practi ca.lly a lways the outcome in c omplete
ruotures . Now , with early operatfo n , the prognosis
becomes much better . A small percentage recover
spontaneously , according to Duplay (67) and Hoffmann (68) .
Especially is this true of incomplete or mucosal
rupture. ';Vhen immediate soontaneous recovery follows ,
it talres a brave man to be willing to publish the case
as that of a traumatic ulcer . The literature is based
essentially upon the severe cases , and the truly
convincing instances are those in which an operatfon
is done , or death occurs as a sequel to an unusually

severe , incurable crurse . Crohn (11) has gained the
impression that spontaeous recovery is very frequ e nt ,
but that all of the more severe end - results of ulcer ation may occur and do occur . Numerous writers have
suggested that a mild trauma may play an :important
role in the formation of the usnal peptic ulcer ~ It
seems hardly likely to Crohn , however , that mild trauma
is a frequent etiological factor on the formation of
an ulcer .
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Lasher (198) does not believe that peptic ulcers
shru. ld be considered as being aggravated or arriving
out of the course of one's employment. The only case
in his vast exp9rience related to trauma possibly,
was that of marine officer who fell from a bunk.
The day following , the ship docked and- he was operated
upon immediately, eventually dying.
Jounds of the small intestine fortunately
constitute the main bulk of the ab dominal injuries, and
if they are operated on rapidly there is a better
chance of recovery; for, following the injury the
bowel is temporaril7 paralyzed so that escape of
fecal contents is not so frequent as in the case of
wounds of the stomach and Jarge intestine where
continuous leakage occurs. In Joll 1 s series (46) of
cas es the small intestine was involved in about .
30 per cent of the total nwnber of cases, and gave a
recovery rate of 58 per cent. This ra te is rather
better for wounds of, jejunum than for those of the
1 leum. Perfora. ti ans of the jejunum can far more
frequently be sutured than those of the ileum, with
its larrower lumen . Wounds of the 1 leum, therefore ,
call more commonly for resection, an operation with
a very hea'Vly mortality rate. It has been stated by
some authorities that the prognosis is worse if the
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s:n all

intestine is \\Ounded when in a state of absorptive

activity; but the consensus of oninion among the
surgeons in Spain during the war was that distention
of the lacteals with chyle had no influence on the outlook.
Jolly also found that wounds of the duodenum
are more sericus . 1l'hey rarely were seen at operation,
probably because of the proximity of the vascular
trunks and the neighboring coeliac plexus. Their
presence must be suspected whenever there is a frothy
peritoneal inflammatory reaction, probably due to
the enzymes contained on the secretion. Thi s, of course ,
is a similar reaction to that seen in perfora.tio n
of a duodenal ulcer.
'

From the figures of Makin ( 61) taken from St.
Thomas I Hos pi ta 1, London - 89 cases, and Neumann
from the Friedrichshain , Berlin - 54 cases, it was
found that runtures of the kidney and intestine fonn
over 60 per cent of the total , according to the
statistics taken from the two hospitals . This partly
is explained, according to Eisendrath (63), by the
surgical anatomy a_nd J:'0.rtly by the most frequent
varieties of trauma wich produce these injuries.
The intestines lie in close contact with the greater
portion of the abdaninal wa ll, especially the jejunum
and ileum, whi ch are most frequently injured. The
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duodenum lies very deeply in the abdomen and is fixed
~tits junction with the jejunum. T?e ascending and
descending colon lie well protected by the coils of the
small inte sti ne. The stomach when empty lies like the

.

duodenum at the back of the abdo~en, and is little
exposed to 'injury. When distended it ::ts far more so ,
although the ligaments suspending it will permit of a
greater ;r-ange of motion .
In the hollow visce ,•a , like
the stomach, intestine,
,
bladder etc., there may be either a simple contusion
of one of the coats, especially the mucosa , causing
the formation of an ulcer (traumatic gastric ulcer)
and leading either to perfor r- t1o n or becoming an atrium
of infecti.o n {traumatic appendicitis), or perforation
immediate:zy- after the injury. The seat of perforation
is usually at the antemesent eric border of the intestine;
it may be a s:imple tear or a circular perforation,
( the latter is esneci.ally frequent after horse kicks) .
This c ]as sifica tion was set up by Eisendra th. Of 219
cases of injury to the alimentary anal , Petry (64)
found 172 were in the small i ntest ine, 26 in the large
and 21 in the stomach . He found that these wounds do
not close in the ma jority of ca se s because the mucosa
prolapses between the edges. Rarely it became adherent
to the adjacent viscera.
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In the alimentary canal peritonitis develons
early after perforation has occurred; it is more likely
to be fatal after escape of intestinal than of stomach
contents into either the general peritoneal cevi ty on
into the retroperitoneal tissue as in runture of the
duodenum. Out of 160 cases of rupture of the small
intestine collected by Eisendrath (63) , 11 recovered
(10 with formation of fecal abcess and one closure of
the perforation by the omentum). The remainder died
of septic peritonitis. Of 26 perforations of the stoma.ch
13 recovered spontaneously and 13 died . In the ca~e
of the stomach there a.re a number of cases where an
ulcer was formed .
In 40 cases in the Anglo-Boer War, Stevenson (201)
fixed the mortality for wounds of the small intestine
at 32 .5 per cent, notwithstanding the fact that some
of them sustained injury to the liver, bladder , and
kidney . The same author fixed the gravity of gunshot
wounds of the inte stinal tract , irrespective of the
stomach, probably in this order: small intestine~
transve r se colon, ascending colon, and descending colon,
sigmoid flexure and re~tUITl . The more hopeful outcome
of injury to this pa rt of the intestine has been
ascribed to the fact that the walls

of

the gut are

t hic ker than those of the ST""a 11 inte stine , and the
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aperture in them .1 s partially closed by the greater
anount of tissue involved in the perforation . In
addition the fact that the gut is fixed to the wall
of the abdo men by the overlying peri toneum, it is more
or less immobile, extrava sation is not so Jikely to
occur, and lastly the contents of the large intestine
being more solid, extravas ation is less likely .
In the opinion of Lasher (198) the likelihood
of intra-abdominal damage to the bowel derends to a
large degree upon the presence or absence of preexisting adhesions. The solid orgr. ns are more likely
to be injured. Beekman (202) f ound 60 per cent
involved solid viscus and 10 per cent the hollow organs.
Hinton (203) fru.nd 78 per cent in solid and 22 per cent
involving the hollow viscera. Lasher points out that
bullets following the fascial planes may in certain
rare instances fail to enter the abdominal cavity,
but intestinal perforations s~ould be expected in all
gunshot wounds. Often several perfora tions wi 11 be
fonnd in a comparatively small area . As with Jolly,
Lasher feels that the time element is all-important in
deaJing with intestinal perforati0ns . If operations are
performed within the first two or three hours , the
prognosis is favorable . A delay of more than 6-8 hours ,
in his opinion, is likely to prove f 8tal. Cooke (204)

• I
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also found the small intestine more subject to damage
than the colon . In 700 cases of r 11p ture of the intestine ,
he found 82 per cent in the jejunum and ileum , and the

remaining 18 per cent being divided between the colon
and the duodenum.
Jolly finds that in determining the prognosis
and the most valuable type of treat ment to be employed
in w,:--und s of the small inte s tine tba t sane distinction
must be made between the physiological parts of the
sma.11 gut . 'rhe differences in the lur: en and the blood
1

supply of the jejunum and the ileum must not be
ove "'stressed, and most wounds of the ileum lend
themselves, like those of the jejunum , to suture rather
than resceion , though the latter is necessa ry more often
for wounds of the ileum . Tforeover, wounds of the jejunum
respond to war surgery better than th ose of the ileum.
All statistic a l series bear out the statement made by
Jolly that in a s mall intestine that retains its blood
supply and can be sutured without obli teratio n of the
lUJ11em of the gut , it is better to suture multiple

perforations than to ca rry out a resection. The
mortality rates for the t wo procedures are h a rdly
to be compared. If ca re is t aken to sew all line nr
perforatio ns in the tran sverse direction; if two
punctures l ying close together are Mn de int o one by the
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division of the bridge between them and t11en sutured
as a transve~se wound; and if wide tears are excised
as a diamond and sutured again in the transve~se direction,
resection can be made a rare operation ,( Jolly) .
',founds in the l 3 rge intestine are usually very
sericus; on l y the swall tangential wcunds of the mobile
portions are relatively benign. The outlook varies
greatly with different segments. of the GUt , wounds in
descending order of gravity being those of the flexures ,
the fixed portions of the gut , the transverse colon , the
sig]J'loid colon and cecum, according to Jolly . Men
with such

W{

unds are not of immediate d '.mger until at

least the end of the first week even though until
then the post-ope~tive period may have been without
serious incident . It is on the fifth or sixth day that
there is of ten a sloughing of the whole gut wall or
the snture line , with resulting peritonitis and death .
The repair of extensive la cerations of the large
inte s tine is perhaps the most difficult of all operatlons
in wRr abdominal surgery in the opinion of Jolly.
It is only in the tre atm ent of the snall wounds and
perforations that good resu l ts may be anticipated .
The 1B rger tears and retroperi tonea 1 wcunds of the
fixed portions of the colon are so often complicated
by extensive hemorrhagic extravasations into the
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intestinal coats or into the mesocolon that suture is
both diffic,1.l t and usually , even if carried out
carefully by layers , unsuccessful . 'bere ls too great
a danger of the whole damaged wall of the gut sloughing
away on the fifth or sixth day after operation .
It is these cases, thereforem that resection of the
colon , notwlthstRnding the appalling mortality rate ,
r1u st be undertaken .
The mortality rate , based on 72 cases of Pearse 1 s
(200) in which instrumental uerforations of the sigmoid .
occurred , was found to be 56 ner cent . This is the same
figure renorted by Burt (205} for ruuture of the si~oid
by compressed air . The mortality is increas ·~d by delay
in closure of the perforation . Crohn and Rosenak ( 11 )
fo nnd that operati en .as late as seven },ours after
perforation was alw ys fatal , and this has been
0

confirri.ed by cases subsequently rep orted by Pearse .
He sates that the best results are obtained by immediate
closure of the ho le in the rectosigmoi d and removal
by suction of any extravasated material . The prognosis
is influenced by the amount of fecal contamination
of the peritoneal cavity , for peritonitis is the usual
cause of death . Early operation of a Jntient with
minimal soiling of the peritoneum offers a reasonable
chance for recovery . In order to overcome the hazard of
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perforati0n in diagnostic work in the sie711oid , it will
be necessary to make supervised training to attain
competence required befo~e unrestricted use of the
sigrnoidoscope is permitted . The greatest safeguard is
vi sua 1 guidance of all instruments ua s sea. into the
upper r:nrt of the rectum or the sigpioid . The greP test
danger os from a blind instrumentation by maneuver .
Bendixen (161) has compiled sane interesting
figures regarding the mortality in pneumati c rupture s
of the bowel . The mortality in operative cases is 39 . 1
per cent , '.\bile that in cases not operated sliow a

recovery of only 8 . 6 per cent . In those cases operated
uoo n the percentage of recovery is 21 per cent .
The preponderance of deaths over recoverj.es in the
cas~s operated upon is exnlained by Bendixen by the
failure in so nany instances to make an early diagno.sis ,
and more especially to resort to an early operation .
The only treatnent he states is immediate exploratory
operation . Lac era tio ns and per fora ti ons shon ld be
sutured and if a large amount of fecal ma teria 1 is
present in the peritoneal cavity , a drainage tube
should be inserted .
Penetrating wounds of the intestine show a wide
variaticn in mortality . This great difference is depend ent upon rnany factors . Such things as the instrument
used , the direction of force , and the trentment of the
wound are all important . McGowen particularly stresses
-the irnTX>rtance of careful pre-operqtive care with
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transfusions and treatment of shock. Re calls attention
to the fact that often visceral le sions are missed
at oneraticn. Th is requires adequat e exposure obti=tined
by long inscision and evisceration. Of 38 cases which
he discusses which w~ re autopsied from the total of
164 cases treated at the Harlem Hospital, lesions
were missed in 15 ca se s. 'This occurred as follows:
Lesions overlooked in the l arge intestine - 2,
rectum - 2, duodenum - 1, retroperitoneal - 2, and other
viscera also. Billings anc'I. Vfa lking (209) in 55 cases
of gunsriot wounds with autopsy found nine instances
of ov erloo ked injuries.
Rippy (210) presented an interesting article
regarding penetrating wounds in the abdomen produced
by a k:'1.ife . He f ou nd that the mort9.li ty increased wh en
more than one organ was perforated, and also when tbe
number of holes and the degree of destruction of the
organ increased, and also when t he site of the
perforat l on descended into the intestinal tract further.
In his group of patients the small intestine was injured
the most often and the liver the leas t. This is contrary
to most of the other reports whi ch sh.ow tha t the liver
is perfor,ted the most often. When the lmife blade
was driven straight in, he found that ·there was mo re
drnger of perforation of the inte st ines and me senteric
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vessels than when the knife was slashed at an individual
and made an incision quite similar to the surgeons
incision with the res u J ting evicera ti on .
Since , in these cases , hemorrhage is the chief
cause of death, the first and most i r oortant· surgical
procedure is to control the hemorrhage at the earliest
possible moment . Rippy feels that there is often too
much delay before the o_perr tion . Plasma should be
administered immediately . In a series of 121 cases
which Rippy observed in which the amom1t of blood
in the peritoneum was estimated to be less than l000·c c.,
the mortality was 7 . 4 per cent as against a mortality
of 61 . 5 per ·cent in the 13 cases in which the amount
of blood was estimated to be more than 1000 cc .
Another point which Rinpy brings out is that when
the exploratory oper ation has once started regardless
of the patients condition , amount of hemorrhage , or
the number of perforations to close , the operator
should not become careless in his examination , too
hasty in his technique , or too rough in the handling of
the intestines . He warns tha t the inexperienced , the
hasty , or careless operator is more likely to overlook
perfora tions and bleeding vessels , and it is not of
much value , in racing against time trying to get the
patient back to the ward alive , to close three or
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four pe~forations and leave one not closed . He feels
that a standard orderly procedure s l-i ould be used in
examining the intestine for perforations , so that the
same segment is not examined twice , and . all of it
examined once . He also feels that the gut srould never
be delivered outside the peritoneal cavity in order

·to aid a search for injuries .
Rinpy has set up the following chart in which he
has determined the causes of death following penetrating
lmife woo.rd s of the abdomen:
Causes of Dea th

No. of Pts .

%of

Deaths .

Shock and Hemorrhage

9

52 . 9

Peritonitis

3

17 . 5

Pneumonia

2

11 . 7

Intestinal Obstruction

2

11 . 7

Gas bacillus infection

1

6.2

Rippy also presents an interesting table in which
he has classified all of the perforating lrnife wounds
in the abdomen which he has observed . The chart illustrates
the comparative mortality and frequency of perforation
of the different organs due to these injuries .
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Mortality and Frequency of Perforation
of Different Organs.
Tota l No.
of Cases

Organ

No.
Died

No.
Lived

Mortality

%

Small Intestine

34

7

27

20.5

Stomach

19

4

15

21.05

Large Intestine

13

3

10

23.07

Liver

12

1

11

8.30

Gunshot wounds of the intestine form another large
group of penetrating injuries. These are governed by
the same principles that were discussed under those
uroduced by knife wounds . A great many more articles
have been written regaroing this imnortant subject
group. A great many studies are being made at the
pre sent time in an at terr pt to lowB r the high incidence
of mortality which has always acc ompanied these injuries.
Enderlen and Sauerbruch (211) reported 227 cases
of operations for abdominal injuries, in 211 of vmicb
tlie intestine was injured. They are ardent advocates
of operative treatment in such injuries. They bad.
53 cases of intestinal wounds that were treated
cons ervatlv ely; 46 of t h em died in the field hospital
and three of them died later; only four were discharged
arrl sent home apparently well ; even if they all lived
the r1 ortali ty would be 94 per cent. On the other hand
among the 811 operated cases the mortality was 44.4
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per cent. Among the more than 200 cases reported by
these men a mistaken dagnosis of .intestinal injury
was only made eight times, and none .of those patients
were injured by the onera ti.c n. The patients should be
operated on, in their opinion, within twelve hours of
the injury.
Willis made a report whi ch included all of the
shotgun wounds in the abdomen or involving abdominal
contents which we re tre,1t ed at Park View Hospital since
1914. They are grouoed as (1) massive wounds made at
close range, and (2) those with scattered perforations
by seoarate shot in which the gun was at a .distance,
usually beyond ten feet. In this series there were
13 massively wounded. Nine of this group died, eight

of them within 24 h ours; the other lived 48 hours.
Of the frur that lived, two were opem.ted unon and two
were treated expectantly. Of the nine that died, six
had sane operative trestment; three were hopeless. ·
There were ten of the scattered type. Seven of these
we~e treroted expectantly and six survived. The seventh
develoned intestinal obstruction about the

tenth

day, when an enterostomy was done ahd he died four
days later. The other three were one ~a ted unon,
two deliberately. One with three p nints of entrance,
survived; the second one with nUI11erous shot, died
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24 hours later of peritonitis and shock . The third of
these three entered the hospital 26 hours after receipt
of the wound .
The principles of trea tment which Willis reco:mr.iends
~

for these

Y.{

cu nds depends upon whether they are of a

massive or scattered type. In the later group he advocates
that only the po1nts of entrance be cleaned and
dressed and the patient be maintained upon adequate
,

~

fluids and given serum for tetanus. He feels, however ,
that the trea tment o.f the massive wounds must largely
remain an immediate surgical procedure s ince in this
t:ype large holes are torn in the b'owel. In addition to
his work in the hospital he carried out experimental
work on 25 dogs, and from all of these experiences
he concludes that people with scattered shotgun wounds

shoiJ ld rarely be operated upon, and then only for
drainage of abcesses or in the hope of controlling
the active hemorrhage.
When the injury occurs in the rectum , the type of
operation whi ch ·may be necessary depends on whether the
wound is intraperitoneal or extraperitoneal. Intraperitoneal wounds are the more serious . Jolly (46)
states that extrape ritoneal wounds , despite the septic
comp l ications of the post-operative period, often go
on to recovery even when conservative treatment is adopted.
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They are usually attended by gross hemorrhage on the
presacral or para.rectal regi on, resulting in great
hematomata which later become great abscesses. In
many cases these have to be radically incised in the
days following ope:at ioJ?-• Primary removal of the
coccyx followed by pac)4ng of the retro-rec ta 1 space
to ~ontrol hemorrha ge and afford dra inage to the infected
tissues is a · very useful procedure. It is si ~ple and
,

the draina ge provided is valuable in the post-ope -rative
per l od. Intraperitoneal w0 unds of the r Actum must be
sutured, but as they usually are complicated by wounds .
of the bladder and t h e small intestine, the prognosis
is bad.
11he impalement injuries to the bowel alway s carry
a very high mort a lity. However, it has been f o und that
there is a great difference in the mort a lity dependent
upon whether t h ese wo unds are i n trap ~ritoneal
or extra.pe riton eal. Sever a 1 studies have been made
regarding the nrognosis of i mpalement injuries, but
t r1e b e.st studies, a 1th ou gh no the most recent h ave been
carried out by Tillmann (169) and Habhe gger (170)
in separate articles. The statistics of Tillmann and
Habhegger are of interest, although it must be
reme mbered tha t Habheggers s 0ries included the cases
previous ly ' collected by Tillmann; they may best be compared by the followtng ta bulat i ons.
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Tabulations of the Statistics of Tillmann and Habhegger
· Total Number of Cases
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1 79

105

131

Deaths

38

48

Mortality (in pe r cent)

26 . 05

26 . 8

Recoveries

Mortalit_y: of Different Types of Injuries by Impalement .
Types of
Tillmann
No . of
No . of
Impalment _____ Cases_ __Mortal.i_tX___ __ Cases

Ha.bhegger
Morta_li ~

Extraperitoneal
without injury
to organs .

57

7.01 'fo

69

7 . 02%

Extra pe ri t on ea 1
with injury to
orgn ns.

29

o.

36

8 . 02

Intra peri tone al
with out injury
to orga ns .

19

31 . 66

28

25 . 00

Intrape rit onea l
wi t h injury
to orga ns .

34

76 . 47

42

78 . 5.7

It is appa r ent that intraperitone al impalement
w1 th injury to organs is the most serious type of
lesion and ca rries an exceedingly high morta lity .
Peri t oni tis is resnons i ble for the v a st ma,j ori ty
of d ea t h s ; shock and hemorrhage account for a few
immediate f atalitie s , and c~ ronic sepsis for the
late mortality .
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The number of perforations sustained by a hollow
viscus is of some PI?o'gnostic import ance, but some
cases with as many as 16 to 20 perfora~ions of the
sma ll gut survive, and othe r, in whi ch there has
been a single small perf orat~on of the jejunum,
ileum or co lon , end fatally from peritonitis. Si ng le
nerforations have b9en found most frequently in the
large intestine, the commones t sites bein g the cecum,
the hepati c flexure, the splenic flexure and the
descending colon. Hughes and Banks ( 200} have only in
rare . ins tan c e s seen a single puncture of the small
inteRtine. Perforations of the lar ge intest ine show
a rern ar kable

tendency to b ecome isolated, and

the1>e is litt1.e doubt that a numbe r wo 11ld recover if
left alone in their op inion.
l\1n ltivisce ra l W::>1mds are much more serious than
univisceral. The most frequent associAtion is that of
the small inte stine with the large intestine; next
in order co me the simultaneous ,wounds of the large
intestine and of the nei ghboring viscera as the stomach;
lastly come the simultaneous . wounds of the s:ri all intestine
and other vis c era as the s tol"'lach • .Abadie (81) has
tabulated multivisceral wounds treated by laparotamy
in the follo wing manner:

153

cases

deaths

Sm.a 11 and Large Intestine

65

55 -84%

Colon and other Vis cera

32

27 -82%

Small Intestine and other Vis cera 25

22 -88%

19

16 - 88%

Other Viscera

This gives a total mortality of ab c1ut 85 per cent
for the mult iviscera.l , while it is only 62 per cent
for the univiscer al casA,s . From tnese figures the
factor of aggravation would seem to be the small
intestine • .fhat a bove all contributes, as it seems
to Abadie, to give multivis ceral wnmds so dark an
outlook is not only the gre ter importance of the
lesi0ns tli.ernselv-3s , but als o the disseminatton of these
l~sions; hence arises an initial diffusion of tbe foci
,

of infecti an , and especially a shock to the _sympathetic system that 1 s much more rn&rked and injurious .
r::'ri is also is probably the explanat~ on of the gravity
of abdominal wo unds that are compli cated by extra peritoneal visceral lesions . It is in the pelvic
region that this association is the most formadable ,
Abadie points out . 'l'he bladder and the rectum a.re two
reservoirs whose runture , or simple traumatic leakage ,
are equally s erious; the first because its fluid
contents filter everywhere and become infected, the
second because these co nten ts from the beginning are
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extremely septic. The fat and c0nnective ' that surround
tbem form a region all ready for infection. Finally,
Abadie states, these pelvic wounds are most often wide,
complex, and have extensive detacments or trq cks .
Fractures of the pelvi c bones forming the girdle .
are particularly harmful; the detached splinters
aggravate the visc eral lesions. The bones , bathed
with septic liquids , rapidly be co me the prey of
destructive infiltration for which nothing can be
done,
· There is one final type of injury whi ch must
be considered. That is t½e abdomino-thoracic wound.

This type is not met with often in peaceful times.
However it appecrs with some frequency du:bing periods
of war . Gordon - Taylor (199) states that statistics
a.11 go to show that the immediate prognosis of an
abcb minal-thoracic wcund is in many cases determined
by the nature of the abdominal injury. 11hose that are
accompanied by a wound of a hollow viscus are very
fa ta 1. '31us Wallace ( 154) found that on l y seven out of
28 such ca ses were eva cuated to the base hospital during
the la.st Norld

•:✓ar.

That is to say then, that the

morta 1i ty amounted to 75 per cent. Gask and Wilkinson
(212) saved only three out of 13 cas e s with hollow
viscus injury and another series showed on]y one
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recovery in five. Lockwood (213), however, managed
to save eight out of 20, and Gordon-Taylor presented
records of 11 recoveries out of 22 casAs. This is a
recovery rate of 50 per cent then, and the best of
the group . Nevertheless , when a c omparison is made
with cases associated with solid visceral injury,
the mortality is relatively high.
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